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TESTING MILK AND MILK PRODUCTS 

FOR FAT AND TOTAL SOLIDS 

By E. O. H ERREID, Professor of Dairy T echnology 
T HE BABCOCK METHOD and its volumetric modifica­tions for determining the fat content of milk and some milk pr.oducts is one of the most important tests con­
ducted in the dairy laboratory. Its simplicity has enabled persons 
with limited training to make fat determinations. 
Unfortunately not all phases of the Babcock test or of the 
sampling procedures for the test have been standardized in the 
different sections of this country. Standardization is important 
for these reasons: 
1 . Dealers and handlers use the test as a basis for paying 
producers or marketing organizations for their milk. 
2. Dealers and handlers also use the test as a basis for selling 
milk and cream and other dairy products, or for buying milk or 
cream or other dairy products from other dealers. 
3. Knowledge is needed by plant operators of the fat content 
of their products in order to check the efficiency of their 
operations. 
4 . Variable methods lead to confusion and make it difficult, 
if not impossible, for any agency, public or private, to verify 
accurately either butterfat tests or the various other tests of 
milk and other dairy products. 
5 . Standardized methods are also important because milk 
and cream are shipped in interstate commerce. 
The purpose of this publication is to describe testing pro­
cedures and technics which have given reliable results. In a 
few instances changes have been made in official procedures. 
These changes are justified because official methods1* have lagged 
*All superior fi gures with asterisks refer to li te rature cita tions on p3ges 79-80. 
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b e h i n d  i m p r o v e m e n t s  i n  t e s t i n g  t e c h n i c s .  T h i s  i s  n o t  i n t e n d e d  a s  
a  c r i t i c i s m  o f  t h o s e  r e s p o n s i b l e  f o r  t h e  o f f i c i a l  m e t h o d s  - t h e  f a c t  
I S  t h a t  t h e  d a i r y  i n d u s t r y  i n  g e n e r a l  h a s  n o t  d e m a n d e d  · m o r e  
r e f i n e d  t e c h n i c s  f o r  t e s t i n g  m i l k  a n d  m i l k  p r o d u c t s .  I t  i s  h o p e d  
t h a t  t h i s  p u b l i c a t i o n  m a y  h e l p  f o r m u l a t e  r e g u l a t i o n s  a n d  s t a n d ­
a r d i z e  p r o c e d u r e s  f o r  c o n d u c t i n g  t h e  B a b c o c k  t e s t  a n d  i t s  m o d i ­
f i c a t i o n s  i n  I l l i n o i s  a n d  i n  o t h e r  s t a t e s  a s  w e l l .  
T o  m a k e  t h i s  p u b l i c a t i o n  m o r e  u s e f u l  t o  t h e  d a i r y  i n d u s t r y ,  
d i r e c t i o n s  f o r  t e s t i n g  s o m e  o f  t h e  c o m m o n  m a n u f a c t u r e d  m i l k  
p r o d u c t s  a r e  a l s o  i n c l u d e d .  
A  d i s c u s s i o n  o f  t h e  e l e m e n t a r y  p h y s i c a l  a n d  c h e m i c a l  p r o p ­
e r t i e s  o f  m i l k  i s  g i v e n  a s  a  b a c k g r o u n d  f o r  t h o s e  w h o  a r e  e n ­
g a g e d  i n  t e s t i n g  w o r k  o r  s u p e r v i s i n g  o r  w h o  a r e  t r a i n i n g  p e o p l e  
f o r  t h i s  w o r k .  
M I L K  C O N S T I T U E N T S  A N D  T H E I R  P R O P E R T I E S  
M i l k  f a t .  T h e  f a t  i n  m i l k  i s  p r e s e n t  a s  s m a l l  g l o b u l e s ,  w h i c h  
a r e  s u s p e n d e d  i n  t h e  m i l k  a n d  f o r m  a n  e m u l s i o n .  T h e s e  g l o b u l e s  
a r e  s u r r o u n d e d  b y  p h o s p h o l i p i d s  a n d  p r o t e i n s ,  w h i c h  a i d  i n  
s t a b i l i z i n g  t h e  f a t  e m u l s i o n .  
M o s t  m i l k  g l o b u l e s  a r e  f r o m  1  t o  6  m i c r o n s
a  
i n  d i a m e t e r .  O n e  
m i l l i l i t e r  o f  m i l k  m a y  c o n t a i n  s e v e r a l  b i l l i o n s  o f  t h e s e  g l o b u l e s ,  
w h i c h  v a r y  i n  s i z e  a c c o r d i n g  t o  t h e  b r e e d  o f  t h e  a n i m a l .  T h e  m i l k  
o f  t h e  J e r s e y  a n d  G u e r n s e y  b r e e d s  h a s  l a r g e r  f a t  g l o b u l e s  t h a n  
t h a t  o f  t h e  A y r s h i r e  a n d  H o l s t e i n  b r e e d s .  I n  t h e  m i l k  o f  a l l  
b r e e d s  t h e  f a t  g l o b u l e s  g r a d u a l l y  b e c o m e  s m a l l e r  a s  t h e  p e r i o d  o f  
l a c t a t i o n  p r o g r e s s e s .  
W h e n  m i l k  i s  a l l o w e d  t o  s t a n d ,  t h e  f a t  g l o b u l e s  g a t h e r  i n  
c l u s t e r s ;  t h e s e  r i s e  r a p i d l y  t o  f o r m  a  l a y e r  o f  c r e a m .  A t  t e m p e r a ­
t u r e s  o f  5 0
0 b  
o r  l o w e r ,  t h e  f a t  i n  t h e  c l u s t e r s  o f  f a t  g l o b u l e s  i s  i n  
a  f i r m  o r  s o l i d  s t a t e  a n d  w i l l  r e s i s t  c o n s i d e r a b l e  a g i t a t i o n  b e f o r e  
t h e r e  i s  m u c h  e v i d e n c e  o f  c h u r n i n g .  I f  t h e  m i l k  i s  h e a t e d  t o  7 0 ° ­
8 0 ° ,  t h e  f a t  i s  p a r t i a l l y  m e l t e d  a n d  i s  m o r e  s e n s i t i v e  t o  a g i t a t i o n .  
A t  t h e s e  t e m p e r a t u r e s  a g i t a t i o n  w i l l  c a u s e  v a r y i n g  d e g r e e s  o f  
a  I t  t a k e s  2 5 , 4 0 0  m i c r o n s  t o  m a k e  a n  i n c h .  

b  A l l  t e m p e r a t u r e s  a r e  i n  d e g r e e s  F a h r e n h e i t ,  u n l e s s  s t a t e d  o t h e r w i s e .  
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churning. Heating milk to 95 0 -100 0 melts the fat and makes the 
emulsion more resistant to churning because the fat globules are 
less adhesive than at 70°-80°. If the emulsion has, however, 
shown evidence of churning, liquid fat is apt to separate at 95°­
100° and this may interfere with accurate sampling. The physical 
conditions and distribution of the fat emulsion are important in 
obtaining representative samples for determining the fat content 
of milk. 
Chemically, milk fat is known as a mixed triglyceride. It con­
sists of a mixture of 18 fatty acids combined with glycerol. Some 
of these fatty acids are liquid; others are solid at room tempera­
tures. It is this difference that accounts for some of the different 
physical characteristics of the fat emulsion during different sea­
sons. Milk fat is relatively resistant to the action of strong acids, 
such as sulfuric. This property of milk is utilized in the Bab­
cock test. 
Milk fat contains yellow material known as carotene, which 
cows obtain from green feeds. Carotene is dissolved by the milk 
fat during digestion and assimilation. During the winter, milk 
fat gradually loses its yellow color because feed does not contain 
as much carotene when dryas it does when fed green in the 
summer. 
Phospholipids. These substances are closely related to milk 
fat in their chemical composition. They include several com­
pounds, such as lecithin, cephalin, and sphingomyelin. The phos­
pholipids are attached chiefly to the surface of the fat globules, 
forming a layer around them. A part of this layer has a special 
attraction for the fat , while another part has an attraction for 
the watery portion of milk. 
Phospholipids are the most important stabilizers of the fat 
emulsion in milk because they enable the globules, to a certain 
extent, to resist churning. Small amounts of the proteins in milk 
are also found with the phospholipids at the surface of the fat 
globules and have some stabilizing effect. When cream is churned, 
practically all the phospholipids are removed from the surfaces 
of the fat globules by the agitation and are found in the 
buttermilk. 
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Casein. This is the principal protein in cows' milk. It is
present in milk as a suspension of very fine particles of calcium
caseinate and calcium phosphate (a physical state known as a
colloidal dispersion). Casein particles cannot be seen with the
ordinary microscope. The shape of the particles cannot be seen
even with the ultra-microscope. In n1ilk that has been diluted
with water, the particles can, with the ultra-microscope, be seen
to reflect light. Because they reflect light, they contribute to the
white appearance of milk. Casein can be coagulated by the
natural development of lactic acid, by adding dilute mineral
acids, alcohol, or rennet extract, which contains the enzyme
rennIn. 
The average casein content of milk is about 3 percent but it
varies with the fat content. 
Lactalbumin. This protein makes up about .5 percent of milk.
Its physical state in milk borders between true solution and
colloidal dispersion. It is similar to albumin, the white gel-like
substance in eggs. A small amount of lactalbumin is coagulated
during pasteurization. Higher temperatures and longer exposures
than are used for pasteurizing are necessary to coagulate all
the lactalbumin. In the coagulated state, lactalbumin resembles
the white of a boiled egg. In the manufacture of the common
types of cheese, most of this protein is left in the whey.
Casein and lactalbumin are generally referred to as the pro­
teins of milk. Lactoglobulin, the principal protein of colostral
milk, is present in normal n1ilk but only in very small amounts.
It decreases rapidly as milk becomes normal at the beginning
of the lactation period. Another protein, euglobulin, is present
in milk in very small amounts. 
Lactose. Lactose, commonly called milk sugar, makes up
about 5 percent of the content of milk. In the dry state, lactose
has the same physical appearance as cane or beet sugar but is
only about one-sixth as sweet. A pound of lactose has the same
food value as a pound of cane or beet sugar. As this sugar is
present in true solution (that is, -it dissolves in the water of
milk), it does not contribute to the color of milk.
Lactose is acted upon by certain bacteria and their enzymes 
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and is broken down to lactic acid. This fermentation IS com­
monly called the souring of milk. 
Milk salts. The mineral elements of milk are in the form of 
milk salts. These salts are, for the most part, in true solution. 
Altho they make up only a small part of the total content of 
milk (.9 percent) , they are important in determining the reac­
tion of milk to certain processing operations. They are also of 
great importance as human and animal food. 
If a sample of milk is dried and heated to a high temperature 
in the presence of air, a white ash is obtained. This ash makes 
up about .65 percent of the milk. It contains calcium, magnesium, 
potassium phosphorus, sulfur, and small amounts of aluminum, 
copper, iron, and zinc. Because the milk is heated to high 
temperatures in the presence of air, the individual mineral ele­
ments are combined with oxygen in the ash and exist, for 
example, as calcium oxide, n1agnesium oxide, etc. 
Milk also contains chlorides and iodides, but they are driven 
off at high temperatures and do not appear in the ash. 
Enzymes. Normal milk contains several natural enzyn1es. So 
far as is known, lipase is the only one that may atfect milk fat. 
Lipase is always present in cows' milk but is either more abun­
dant or more active toward the end of the lactation period. 
Lipase can break down milk fat. This is a slow process, but 
over a period of days enough fat may be broken down to lower 
the test of milk and cream. The activity of lipase produces an 
objectionable rancid flavor in n1ilk. 
Molds which sometimes are found growing on the surface of 
preserved composite milk samples also secrete an enzyme of the 
lipase type. This enzyme will lower the fat content of milk as 
much as .3 to .4 percent. l1* 
Other components. Normal milk contains vitamins, leuco­
cytes, other enzymes, and other substances in very small 
amounts, but these constituents are of no practical importance in 
detern1ining the fat content of milk and milk products by the 
Babcock method and its modifications. 
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F A C T O R S  T H A T  A F F E C T  C O M P O S I T I O N  O F  M I L K  
T h e  a v e r a g e  c o m p o s i t i o n  o f  m i l k  a n d  t h e  r a n g e  i n  i t s  c o m ­
p o s i t i o n  i n  t h i s  c o u n t r y  i s  s h o w n  b e l o w .  T h e s e  f i g u r e s  a r e  a n  
a v e r a g e  o f  t h e  m i l k  f r o m  c o w s  o f  a l l  b r e e d s .
9  
*  
A v e r a g e  N o r m a l  r a n g e  
C o n s t i t u e n t  p e r c e n t a g e  
i n  p e r c e n t a g e  
W a t e r  . . . . . . . . . .  . . . . . . . . . .  8 7 . 2 5  
8 9  .  4 0  - 8 4  .  1 0  
F a t . . . . . . .  . .  . .  . . . .  .  . . .  . .  . .  3 . 8 0  
2 . 7 0  ­ 6 . 0 0  
P r o t e i n .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  3  .  5 0  2 . 8 0  ­ 4 . 0 0  
L a c t o s e .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . .  4  .  8 0  4 . 5 0  ­ 5 . 2 0  
A s h .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 6 5  
. 6 0  - . 7 0  
T h e  f a t  c o n t e n t  o f  h e r d  m i l k  v a r i e s  t h r u o u t  t h e  y e a r ,  a n d  
t e s t s  s h o u l d  r e f l e c t  t h a t  v a r i a t i o n .  I f  t h e  t e s t  r e m a i n s  t h e  s a m e ,  
t h e  f a r m e r  h a s  r e a s o n  t o  s u s p e c t  i t s  a c c u r a c y .  T h e  f a t  c o n t e n t  
v a r i e s  t h e  m o s t  o f  a l l  t h e  s o l i d s ,  f o l l o w e d  b y  p r o t e i n s ,  l a c t o s e ,  
a n d  a s h .  T h i s  r e l a t i o n s h i p  h o l d s  t r u e  f o r  i n d i v i d u a l  c o w s  a s  
w e l l  a s  f o r  b r e e d s .  
B r e e d .  M i l k  v a r i e s  m o r e  w i t h  b r e e d  t h a n  w i t h  a n y  o t h e r  f a c t o r .  
B r e e d  i s  t h e  m a i n  r e a s o n  f o r  v a r i a t i o n s  i n  t h e  c o m p o s i t i o n  o f  m i l k  i n  
d i f f e r e n t  m i l k - p r o d u c i n g  s e c t i o n s  o f  t h i s  c o u n t r y .  I n  O r e g o n  t h e  
a v e r a g e  f a t  c o n t e n t  i s  r e l a t i v e l y  h i g h  b e c a u s e  t h e  J e r s e y  b r e e d  p r e ­
d o m i n a t e s ;  i n  W i s c o n s i n  i t  i s  r e l a t i v e l y  l o w  b e c a u s e  t h e  H o l s t e i n  
b r e e d  p r e d o m i n a t e s .  
A s  t h e  f a t  i n c r e a s e s ,  t h e  p r o t e i n  a l s o  i n c r e a s e s  b u t  n o t  s o  m u c h .  
M i l k  f r o m  J e r s e y  a n d  G u e r n s e y  b r e e d s  t h e r e f o r e  c o n t a i n s  m o r e  f a t  
a n d  a l s o  m o r e  s o l i d s - n o t - f a t  t h a n  m i l k  f r o m  t h e  A y r s h i r e  a n d  H o l s t e i n  
b r e e d s .  T h e  i n c r e a s e  i n  s o l i d s - n o t - f a t  i s  d u e  c h i e f l y  t o  t h e  i n c r e a s e  
i n  p r o t e i n s .  
T h e  a m o u n t  o f  s o l i d s - n o t - f a t  i n  m i l k  f r o m  t h e  A y r s h i r e ,  H o l s t e i n ,  
a n d  s h o r t h o r n  b r e e d s  v a r i e s  f r o m  a b o u t  8 . 4  t o  9  p e r c e n t ,  a n d  i n  m i l k  
f r o m  t h e  J e r s e y  a n d  G u e r n s e y  b r e e d s  f r o m  a b o u t  8 . 8  t o  9 . 5  p e r c e n t .  
S e a s o n .  I n  M a y  t h e  f a t  c o n t e n t  o f  m i l k  g o e s  d o w n ,  s t a y i n g  a t  
a b o u t  t h e  M a y  l e v e l  d u r i n g  J u n e  a n d  J u l y .  A b o u t  A u g u s t  i t  b e g i n s  t o  
i n c r e a s e ,  a n d  i t  c o n t i n u e s  t o  i n c r e a s e  d u r i n g  t h e  c o o l e r  m o n t h s .  T h e s e  
s e a s o n a l  c h a n g e s  c o m e  w i t h  c h a n g e s  i n  f e e d .  A  m a r k e d  d r o p  i n  s o l i d s ­
n o t - f a t  o c c u r s  w i t h  t h e  h i g h  t e m p e r a t u r e s  a n d  d r y  w e a t h e r  o f  l a t e  
s u m m e r ,  b u t  t h e s e  c o n d i t i o n s  d o  n o t  s e e m  t o  a f f e c t  t h e  f a t ,  w h i c h  
d e c r e a s e s  e a r l i e r  i n  t h e  s e a s o n .  
I n t e r v a l  b e t w e e n  m i l k i n g s .  T h e  l o n g e r  t h e  t i m e  b e t w e e n  m i l k i n g ,  
t h e  h i g h e r  t h e  m i l k  y i e l d  a n d  t h e  l o w e r  t h e  f a t  p e r c e n t a g e .  I f  t h e  h e r d  
i s  m i l k e d  a t  5  o ' c l o c k  i n  t h e  e v e n i n g  a n d  a t  7  o ' c l o c k  t h e  n e x t  m o r n i n g ,  
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the time between the evening and morning milkings will be 14 hours 
and the fat content of the milk will usually be lower than in the 
next interval, which will be only 10 hours. The milking interval does 
not normally affect the average fat content of milk thruout the season. 
Variations due to breeding . Sometimes the fat test and milk yield 
of a herd will decline over a period of years even tho feeding and 
management have been gradually improved. The cause usually lies 
with the transmitting ability of the herd sire. He probably has a 
number of low-testing daughters that have been kept in the herd. 
This may happen even when the herd sire has been carefully selected. 
Breed population in the herd. In herds that consist of two or more 
breeds and cows of mixed breeding, the milk may have an average fat 
test of about 4 to 4.5 percent. The average fat test of the milk in 
such herds may fluctuate more than in herds that have only one 
breed because cows of different breeding may come into production 
at different times and thus lower or raise the average test of the herd. 
Stage of lactation. This period, which lasts from calving until the 
final milking, is about 10 months long. The percentage of fat usually 
declines during the first or second month and then gradually increases 
until the end of the milking period. But under normal farm conditions 
the seasonal changes and changes in feed usually have more effect on 
the fat percentage than does the stage of lactation. After the third 
month of lactation, the solids-not-fat increase. This increase is due 
chiefly to an increase in the protein content. 
Condition of cow at calving time.8* A cow in good flesh at calving 
will give considerably more milk during her lactation period than a 
cow in poor condition, and the fat content will be higher. 
Effect of gestation. Beginning about the fifth month of pregnancy 
there is a marked decline in milk yield until calving time. The fat per­
centage gradually increases during the period. Decline in production 
varies with different cows. 
Effect of age. The composition of milk varies only slightly during 
the lifetime of a cow. Up to 12 years of age cows show a slight decline 
in the fat content of their milk. After about the eighth year the milk 
yield begins to decline. 
Health of the cow. Mastitis causes radical changes in the com­
position of milk. Chlorides increase, as is indicated by a salty flavor 
and a lack of sweetness caused by a decrease in lactose. The fat and 
solids-not-fat decrease. The extent of the decrease depends on the 
severity of the infection. Other diseases cause production to decline. 
The effect of health on the composition of the milk cannot be pre­
dicted, The fat content may increase or decrease or remain the same. 
Milk from infected quarters tends toward the neutral point and may 
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b e c o m e  a l k a l i n e ,  w h e r e a s  m i l k  f r o m  h e a l t h y  c o w s  i s  a l w a y s  a c i d  i n  
r e a c t i o n .  T h i s  c h a n g e  i n  r e a c t i o n  i s  t h e  b a s i s  f o r  t h e  b r o m t h y m o l - b l u e  
a n d  o t h e r  c o l o r  t e s t s  u s e d  t o  d i a g n o s e  u d d e r  i n f e c t i o n s .  
A m o u n t  o f  m i l k  a n d  c r e a m  u s e d  a t  h o m e .  l V I i l k  t o  b e  u s e d  i n  t h e  
f a r m e r ' s  h o m e  m a y  b e  t a k e n  f r o m  c a n s  a f t e r  i t  i s  c o o l e d .  A s  s t i r r i n g  
d e v i c e s  a r e  n o t  u s u a l l y  a v a i l a b l e ,  m i l k  a t  t h e  t o p  o f  t h e  c a n ,  w h i c h  i s  
h i g h e r  i n  f a t  c o n t e n t ,  i s  t a k e n .  T h i s  p r a c t i c e  h a s  t h e  s a m e  e f f e c t  a s  
p a r t i a l  s k i m m i n g  a n d  o f  c o u r s e  l o w e r s  t h e  f a t  t e s t .  
F A C T O R S  T H A T  A F F E C T  F A T  C O N T E N T  O F  

S E P A R A T E D  C R E A M  A N D  M A R K E T  M I L K  

F a r m - S e p a r a t e d  C r e a m  
T h e  c e n t r i f u g a l  s e p a r a t i o n  o f  m i l k  t o  o b t a i n  c r e a m  a n d  s k i m ­
m i l k  i s  a  s i m p l e  o p e r a t i o n .  T h e  b o w l  i n  m o s t  s e p a r a t o r s  t u r n s  
6 , 0 0 0  t o  8 , 0 0 0  r e v o l u t i o n s  p e r  m i n u t e .  T h i s  c r e a t e s  a  c e n t r i f u g a l  
f o r c e  f i v e  t h o u s a n d  t o  s i x  t h o u s a n d  t i m e s  t h a t  o f  g r a v i t y .  S k i m ­
m i l k  b e i n g  h e a v i e r  t h a n  c r e a m  ( i t  h a s  a  s p e c i f i c  g r a v i t y  o f  1 . 0 3 5  
a n d  c r e a m ,  a b o u t  1 ) ,  t h e  c e n t r i f u g a l  f o r c e  i s  g r e a t e s t  o n  i t .  T h e  
s k i m m i l k  i s  t h e r e f o r e  f o r c e d  t o  t h e  o u t s i d e  o f  t h e  b o w l  a n d  i s  
d i s c h a r g e d  t h r u  a n  o p e n i n g  a b o v e  t h e  d i v i d i n g  d i s k .  T h e  c r e a m ,  
b e i n g  l i g h t e r ,  i s  f o r c e d  t o w a r d  t h e  c e n t e r ,  a n d  a s  t h e  b o w l  f i l l s  
.  	 u p ,  i s  d i s c h a r g e d  t h r u  a n  o p e n i n g  i n  t h e  d i v i d i n g  d i s k .  T h e  
d i v i d i n g  d i s k  p r e v e n t s  t h e  s e p a r a t e d  c r e a m  a n d  s k i m m i l k  f r o m  
b e c o m i n g  m i x e d  i n  t h e  b o w l .  
A d i u s t m e n t  o f  c r e a m .  o r  s k i m m i l k  s c r e w .  E v e r y  s e p a r a t o r  b o w l  
h a s  a  s c r e w  w h i c h  r e g u l a t e s  t h e  a m o u n t  o f  c r e a m  o r  t h e  a m o u n t  o f  
s k i m m i l k  w h i c h  c a n  b e  d i s c h a r g e d  f r o m  t h e  b o w l .  T h e  a d j u s t m e n t  
s h o u l d  b e  m a d e  t o  p r o d u c e  c r e a m  o f  3 6  t o  4 5  p e r c e n t  f a t  f o r  t h e s e  
r e a s o n s :  ( 1 )  h i g h e r  p e r c e n t a g e s  c a u s e  m o r e  f a t  t o  b e  l o s t  i n  t h e  
s k i m m i l k ,  a n d  ( 2 )  t h e  s t a n d a r d  B a b c o c k  c r e a m - t e s t  b o t t l e s  ( t h e  o n l y  
b o t t l e s  a p p r o v e d  i n  s o m e  s t a t e s )  w i l l  n o t  e s t i m a t e  t h e  f a t  i n  c r e a m  
t h a t  t e s t s  m o r e  t h a n  5 0  p e r c e n t .  
S p e e d  o f  b o w l .  I n c r e a s i n g  t h e  s p e e d  o f  t h e  b o w l  a b o v e  n o r m a l  
i n c r e a s e s  t h e  f a t  c o n t e n t  o f  t h e  c r e a m .  W h e n  t h e  s p e e d  i s  b e l o w  n o r ­
m a l ,  t h e  f a t  c o n t e n t  i s  r e d u c e d  a n d  m o r e  f a t  i s  l o s t  i n  t h e  s k i m m i l k .  
T h e  s p e e d  o f  p o w e r - d r i v e n  f a r m  s e p a r a t o r s  i s  u s u a l l y  c o n s t a n t  e x c e p t  
w h e n  p o w e r  s o u r c e s  a r e  o v e r l o a d e d .  I f  t h e  s p e e d  o f  t h e  h a n d - d r i v e n  
m a c h i n e  i s  n o t  u n i f o r m ,  t h e  f a t  c o n t e n t  o f  t h e  c r e a m  c a n  b e  e x p e c t e d  
t o  v a r y .  
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Fat content of milk. Milk from the higher-testing breeds will yield 
cream of higher fat content than that from the lower-testing breeds. 
This is true because the volume of cream obtained from milk con­
taining 5 percent fat is only slightly greater than that obtained from 
3.5 percent milk. 
Rate of inflow. It is important to operate the separator according 
to the manufacturer's directions. Any change in rate at which the 
milk flows into the separator bowl changes the fat content of the 
cream. If the rate is reduced, the fat content of the cream will be 
higher than with a normal flow. If it is increased, the fat content will 
be lower; but if the flow is too fast, more fat will be lost in the 
skimmilk. 
Temperature of milk. Lower temperatures give higher-testing 
cream. For example, milk separated at 90° yields cream that contains 
more fat than the cream from milk separated at 120°. But milk should 
not be separated at lower than 80 ° because such low temperatures are 
likely to cause more loss of fat in the skimmilk. 
Deposits in bowl. While milk is being separated, a layer of ma­
terial from the milk is deposited on the inside of the bowl. This layer 
gets thicker as the machine continues to be operated. Because a heavy 
deposit reduces the capacity of the bowl, it will lower: the fat percent­
age of the cream. The smaller capacity of the bowl means that the 
milk will flow faster thru it; hence the centrifugal force will be applied 
for a shorter time and the fat percentage in the cream will be reduced. 
Bowl deposits do not affect the fat percentage of cream if the 
farm separator is properly cleaned each time after it is used. 
Amount of flushing . Some cream and skimmilk are left in the bowl 
after the separation is finished and may be forced out with either 
skimmilk or water. This dilutes the cream. The extent of dilution 
depends on the amount of flushing materials used. The same amount 
of skimmilk or water hould be used each time for flushing, in order 
to prevent extreme changes in fat content. 
Mechanical condition of separator. Vibration of the bowl during 
separation causes fat to be left in the skimmilk. Vibration may be 
caused by damage to the bowl or by worn or damaged bearings and 
gears. Worn disks reduce the capacity of the bowl and cause excessive 
losses of fat in the skimmilk. 
Factory-Separated Cream and Market Milk 
One of the crucial steps in testing milk and cream in milk 
plants is the obtaining of truly representative samples. Only by 
starting with such samples is it possible to know whether the 
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p r o d u c t  d o e s  o r  d o e s  n o t  c o m p l y  w i t h  t h e  f a t  s t a n d a r d s  s e t  b y  
c i t y ,  s t a t e ,  a n d  f e d e r a l  a u t h o r i t i e s .  
E f f i c i e n c y  o f  a g i t a t o r .  A  r e p r e s e n t a t i v e  s a m p l e  o f  m i l k  o r  
c r e a m  i s  t h e  b a s i s  f o r  o b t a i n i n g  a n  a c c u r a t e  t e s t  f o r  f a t .  I f  a  v a t  
o r  h o l d i n g  t a n k  t h a t  c o n t a i n s  s e v e r a l  l o t s  o f  m i l k  o r  c r e a m  h a s  
n o t  b e e n  p r o p e r l y  a g i t a t e d  b e f o r e  t h e  s a m p l e  i s  t a k e n ,  t h e  r e s u l t s  
a r e  a p t  t o  b e  m i s l e a d i n g .  
T o  d e t e r m i n e  w h e t h e r  t h e  m i l k  i s  p r o p e r l y  a g i t a t e d ,  i t  i s  
n e c e s s a r y  t o  t a k e  s a m p l e s  a t  s p e c i f i e d  i n t e r v a l s  a n d  t e s t  t h e m  
f o r  f a t .  W h e n  t h r e e  c o n s e c u t i v e  s a m p l e s  a g r e e ,  i t  i s  s a f e  t o  a s ­
s u m e  t h a t  t h e  m i l k  h a s  b e e n  a g i t a t e d  l o n g  e n o u g h .  O n c e  t h e  
m i x i n g  e f f i c i e n c y  o f  t h e  a g i t a t o r  o n  a  h o l d i n g  t a n k  h a s  b e e n  c a r e ­
f u l l y  d e t e r m i n e d ,  t h e  r e s u l t s  c a n  b e  u s e d  a s  a  g u i d e  f o r  d a i l y  
o p e r a t i o n s .  T h i s  p r i n c i p l e  a p p l i e s  a l s o  i n  d e t e r m i n i n g  t h e  a g i ­
t a t i n g  e f f i c i e n c y  o f  p a s t e u r i z i n g  v a t s  f o r  m i l k  a n d  c r e a m .  
T e m p e r a t u r e  a t  t i m e  o f  s a m p l i n g .  T h e  t e m p e r a t u r e  a t  
w h i c h  m i l k  a n d  c r e a m  a r e  s a m p l e d  i s  i m p o r t a n t  i n  d e t e r m i n i n g  
t h e  f a t  c o n t e n t  b e f o r e  p a s t e u r i z i n g  a n d  i n  m a k i n g  t h e  c a l c u l a ­
t i o n s  f o r  s t a n d a r d i z i n g .  T h i s  f a c t o r  h a s  c a u s e d  m u c h  d i f f i c u l t y  
i n  a c c o u n t i n g  f o r  d i f f e r e n c e s  i n  f a t  c o n t e n t  o f  m i l k  b o u g h t  a n d  
m i l k  s o l d .  
O p e r a t o r s  s o m e t i m e s  t a k e  m i l k  a t  l o w  t e m p e r a t u r e s  d i r e c t l y  
f r o m  t h e  v a t  w i t h  a  B a b c o c k  p i p e t ,  p l a c e  i t  i m m e d i a t e l y  i n  t h e  
t e s t  b o t t l e ,  a n d  d e t e r m i n e  t h e  f a t  c o n t e n t  f o r  s t a n d a r d i z a t i o n  
p u r p o s e s .  T o  c h e c k  t h e  s t a n d a r d i z a t i o n  p r o c e s s ,  t h e y  s o m e t i m e s  
s a m p l e  m i l k  f o r  t h e  B a b c o c k  t e s t  b y  t h e  s a m e  m e t h o d  a n d  a t  a  
t e m p e r a t u r e  n e a r  t h a t  o f  p a s t e u r i z a t i o n .  T h e  r e s u l t s  u n d e r  t h e s e  
c o n d i t i o n s  w i l l  n o t  b e  a c c u r a t e .  T h e  B a b c o c k  t e s t  p i p e t  h o l d s  
E v e r y o n e  h a v i n g  t o  d o  w i t h  m a r k e t  m i l k  a n d  c r e a m  
f r o m  p r o d u c e r  t o  c o n s u m e r  n e e d s  t o  k n o w  t h e  c o n d i t i o n s  
a n d  s i t u a t i o n s  t h a t  c a u s e  t h e  c o m p o s i t i o n  o f  m i l k  a n d  
c r e a m  t o  v a r y .  O n l y  i n  t h a t  w a y  w i l l  m i s u n d e r s t a n d i n g s  
b e  p r e v e n t e d .  
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less weight of milk at 140° than it . does at 40°. Milk pipetted 
into the test bottle at 140° will show .04 percent less fat than 
that pipetted at 100°, while at 40° the results will be about .08 
percent higher than at 140 0 • 
Variable results can be expected in the fat content of bottled 
milk if the temperature of sampling is not controlled in the 
standardization process. Furthermore, variable results will be ob­
tained in accounting for milk fat if the milk is sampled at a 
different temperature from that of the milk sold. 
Variation in sampling technics. Various sampling technics 
are used in daily plant operations. Patrons' milk from the re­
ceiving room may flow into large tanks, where it is held until 
enough has accumulated to begin processing operations. The 
time required to obtain a uniform distribution of fat in a tank 
depends on the degree of creaming, variation in fat content of in­
dividuallots of milk, and the temperature of the milk when it is 
delivered to the plant. Procedure for determining the agitating 
efficiency of vats and holding tanks is given on page 14. 
In the high-temperature short-time method of pasteurizing, 
it is important to distribute the milk fat uniformly in holding 
tanks and to agitate it continuously until the milk is pasteur­
ized; otherwise the bottled product is likely to vary in fat 
content. 
Accuracy of standardizing process. It is often desirable to 
standardize milk and always necessary to standardize cream in 
order to comply with regulations for the different grades. Unless 
this work is carefully done, the fat content of the product is 
bound to vary. To do an accurate job, the pounds of product in 
the vat must be known, the sample to be tested must be repre­
sentative, and the testing and calculating must be correct. When 
standardization is complete, the product should again be sampled 
and tested so that the accuracy of the process may be verified. 
No accurate method of sampling milk delivered in tank 
cars and trucks. Altho it is frequently desirable to know the fat 
content of the milk delivered in railroad tank cars and tank 
truck~, no data have been published on methods of sampling 
and minimum number of samples required. Such information is 
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b a d l y  n e e d e d .  I n  t h e  f i r s t  p l a c e  i t  i s  d e s i r a b l e  t o  v e r i f y  t h e  a v e r ­
a g e  f a t  t e s t  o f  m i l k  r e c e i v e d  f r o m  t h e  c o u n t r y  p l a n t s  a n d  r e c e i v ­
i n g  s t a t i o n s .  F u r t h e r m o r e ,  d e l i v e r i e s  a r e  o f t e n  m a d e  b y  t h e  s a m e  
t a n k  t r u c k  t o  s e v e r a l  d e a l e r s ,  a n d  t h e s e  d e a l e r s  w a n t  t o  k n o w  
w h e t h e r  t h e  m i l k  t h e y  a r e  r e c e i v i n g  h a s  t h e  f a t  c o n t e n t  s p e c i f i e d  
i n  t h e  i n v o i c e s .  
S T A N D A R D S ,  D E F I N I T I O N S ,  A N D  R E G U L A T I O N S  
F e d e r a l  S t a n d a r d s  f o r  M i l k  a n d  M i l k  P r o d u c t s  

U s e d  f o r  H u m a n  F o o d
a  

W h e n  m i l k  a n d  m i l k  p r o d u c t s  a r e  s h i p p e d  f r o m  o n e  s t a t e  t o  
a n o t h e r ,  t h e y  m u s t  c o m p l y  w i t h  f e d e r a l  s t a n d a r d s  a n d  t h o s e  o f  
t h e  s t a t e  i n t o  w h i c h  t h e y  a r e  s h i p p e d .  F o r  t h e  m o s t  p a r t ,  f e d e r a l  
s t a n d a r d s  d o  n o t  d i f f e r  g r e a t l y  f r o m  t h o s e  i n  e f f e c t  i n  t h e  s t a t e s .  
I n  f a c t  w h e n  n e w  f e d e r a l  s t a n d a r d s  a r e  c r e a t e d  o r  e x i s t i n g  o n e s  
r e v i s e d ,  t h e y  a r e  a l m o s t  i n v a r i a b l y  a d o p t e d  b y  t h e  s t a t e s .  
T h e  s t a n d a r d s  p u b l i s h e d  i n  1 9 4 4  f o r  f a t  i n  t h e  v a r i o u s  d a i r y  
p r o d u c t s  a r e  b a s e d  o n  t h e  R o e s e - G o t t l i e b  I n e t h o d  f o r  r e g u l a t o r y  
e n f o r c e m e n t ,  a s  s p e c i f i e d  i n  O f f i c i a l  a n d  T e n t a t i v e  M e t h o d s  o f  
A n a l y s i s  o f  t h e  A s s o c i a t i o n  o f  O f f i c i a l  A g r i c u l t u r a l  C h e m i s t s .
1
*  
F o r  s o m e  m i l k  p r o d u c t s ,  t h e  a n a l y s i s  f o r  t o t a l  s o l i d s  i s  a l s o  
s p e c i f i e d  i n  t h i s  o f f i c i a l  p u b l i c a t i o n .  T h e  s t a n d a r d s  p u b l i s h e d  
i n  1 9 3 6  d o  n o t  s p e c i f y  t h e  m e t h o d  f o r  d e t e r m i n i n g  t h e  p e r c e n t ­
a g e s  o f  f a t  a n d  t o t a l  s o l i d s .  
M i l k .  F e d e r a l  s t a n d a r d s  s p e c i f y  t h a t  m i l k  s h a l l  b e  " t h e  w h o l e ,  
f r e s h  l a c t e a l  s e c r e t i o n  o b t a i n e d  b y  t h e  c o m p l e t e  m i l k i n g  o f  o n e  o r  
a  T h e  s t a n d a r d s  f o r  m i l k ,  m a l t e d  m i l k ,  a n d  b u t t e r  a r e  q u o t e d  f r o m  U .  S .  D e ­
p a r t m e n t  o f  A g r i c u l t u r e ,  F o o d  a n d  D r u g  A d m i n i s t r a t i o n ,  S . R . A .  2 ,  R e v .  5 ,  
N o v e m b e r ,  1 9 3 6 .  
T h e  s t a n d a r d  f o r  h o m o g e n i z e d  m i l k  i s  f r o m  O r d i n a n c e  a n d  C o d e  r e c o m ­
m e n d e d  i n  U .  S .  P u b l i c  H e a l t h  S e r v i c e  B u l l e t i n  2 2 0 ,  1 9 3 9 .  
T h e  s t a n d a r d s  f o r  c r e a m ,  s k i m m i l k ,  e v a p o r a t e d  s k i m m e d  m i l k ,  a n d  s w e e t e n e d  
c o n d e n s e d  s k i m m e d  m i l k ;  f o r  b u t t e r m i l k  a n d  c u l t u r e d  b u t t e r m i l k ;  f o r  e v a p o r a t e d  
m i l k  a n d  s w e e t e n e d  c o n d e n s e d  m i l k ;  f o r  c h e d d a r  c h e e s e ,  w a s h e d  c u r d  c h e e s e  
( s o a k e d  c u r d  c h e e s e ) ,  C o l b y  c h e e s e ,  c r e a m  c h e e s e ,  N e u f c h a t e l  c h e e s e ,  a n d  
c r e a m e d  c o t t a g e  c h e e s e  a r e  q u o t e d  f r o m  F e d e r a l  S e c u r i t y  A g e n c y ,  F o o d  a n d  
D r u g  A d m i n i s t r a t i o n ,  S . R . A . ,  F . D . C . ,  2 ,  J u l y ,  1 9 4 4 .  
T h e  d e f i n i t i o n  f o r  n o n f a t  d r y  m i l k  s o l i d s  w a s  a p p r o v e d  b y  a c t  o f  C o n g r e s s  
o n  M a r c h  2 ,  1 9 4 4 ,  a n d  s u p e r s e d e s  t h a t  g i v e n  f o r  d r i e d  s k i m m i l k  i n  t h e  F o o d ,  
D r u g ,  a n d  C o s m e t i c  A c t  o f  1 9 3 8 .  
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more healthy cows, excluding that obtained within 15 days before and 
5 days after calving, or such longer period as may be necessary to 
render the milk practically colostrum-free." It must contain a min­
imum of 3.25 percent of fat, 8.5 percent of solids-not-fat, and 11.75 
percent of total solids. 
Homogenized milk is "milk which has been treated in such a 
manner as to insure break-up of the fat globules to such an extent 
that after 48 hours storage, no visible cream separation occurs on 
the milk and the fat percentage of the top 100 milliliters of milk in a 
quart bottle, or of a proportionate volume in containers of other sizes, 
does not differ by more than 10 percent of itself from the fat percent­
age of the remaining milk as determined after thorough mixing." [For 
example, if the upper 100 milliliters of milk from a quart, or upper 
50 milliliters from a pint or upper 25 milliliters from a half pint, con­
tains 4 percent of fat after 48 hours, the balance of the milk should 
not test less than 3.6 percent. The difference in test in this case would 
be .4 percent (4.0 - 3.6 = .4). This amounts to 10 percent of the 
total fat ( .: . X 100 = 10)' 
Cream is "a class of food which is the sweet, fatty liquid or semi­
liquid separated from milk, with or without the addition thereto and 
intimate admixture therewith of sweet milk or sweet skim milk. It 
may be pasteurized and if it contains less than 30 percent of milk fat, 
it may be homogenized. It contains not less than 18 percent of milk fat. 
"Light cream, coffee cream, table cream, conforms to the definition 
and standard of identity prescribed for the cream class of food, except 
that it contains less than 30 percent of milk fat. Whipping cream is 
the class of food which conforms to the definition and standard pre­
scribed for the cream class of food except that it contains not less 
than 30 percent of milk fat. 
"Light whipping cream conforms to the definition and standard 
of identity prescribed for the whipping cream class of food except that 
it contains less than 36 percent of milk fat. 
"Heavy cream, heavy whipping cream, conforms to the definition 
and standard of identity prescribed for the whipping cream class of 
food except that it contains not less than 36 percent of milk fat." 
Skimmilk (skimmed milk) is "that portion of milk which remains 
after removal of the cream in whole or in part." 
Evaporated skimmed milk is "the product resulting from the evap­
oration of a considerable portion of the water from skimm~d milk. 
It contains not less than 20 percent of milk solids." 
Sweetened condensed skimmed milk is "the product resulting 
from the evaporation of a considerable portion of the water from 
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s k i m m e d  m i l k  t o  w h i c h  s u g a r  a n d / o r  d e x t r o s e  h a s  b e e n  a d d e d .  I t  
c o n t a i n s  n o t  l e s s  t h a n  2 4  p e r c e n t  o f  m i l k  s o l i d s . "  
N o n f a t  d r y  m i l k  s o l i d s ,  o r  d e f a t t e d  m i l k  s o l i d s ,  i s  " t h e  p r o d u c t  r e ­
s u l t i n g  f r o m  t h e  r e m o v a l  o f  f a t  a n d  w a t e r  f r o m  m i l k ,  a n d  c o n t a i n s  
l a c t o s e ,  m i l k  p r o t e i n s ,  a n d  m i l k  m i n e r a l s  i n  t h e  s a m e  r e l a t i v e  p r o p o r ­
t i o n s  a s  i n  t h e  f r e s h  m i l k  f r o m  w h i c h  m a d e .  I t  c o n t a i n s  n o t  o v e r  5  
p e r c e n t u m  b y  w e i g h t  o f  m o i s t u r e .  T h e  f a t  c o n t e n t  i s  n o t  o v e r  1 1 2  
p e r c e n t u m  b y  w e i g h t  u n l e s s  o t h e r w i s e  s p e c i f i e d .  T h e  t e r m  ' m i l k , '  
w h e n  u s e d  h e r e i n ,  m e a n s  s w e e t  m i l k  o f  c o w s . "  
B u t t e r m i l k  i s  " t h e  p r o d u c t  t h a t  r e m a i n s  w h e n  f a t  i s  r e m o v e d  f r o m  
m i l k  o r  c r e a m ,  s w e e t  o r  s o u r ,  i n  t h e  p r o c e s s  o f  c h u r n i n g .  I t  c o n t a i n s  
n o t  l e s s  t h a n  8 . 5  p e r c e n t  o f  m i l k  s o l i d s - n o t - f a t . "  
C u l t u r e d  b u t t e r m i l k  i s  " t h e  p r o d u c t  o b t a i n e d  b y  s o u r i n g  p a s t e u r ­
i z e d  s k i m m e d  o r  p a r t i a l l y  s k i m m e d  m i l k  b y  m e a n s  o f  a  s u i t a b l e  
c u l t u r e  o f  l a c t i c  b a c t e r i a .  I t  c o n t a i n s  n o t  l e s s  t h a n  8 . 5  p e r c e n t  o f  
m i l k  s o l i d s - n o t - f a t . "  
E v a p o r a t e d  m i l k  i s  " t h e  l i q u i d  f o o d  m a d e  b y  e v a p o r a t i n g  s w e e t  
m i l k  t o  s u c h  p o i n t  t h a t  i t  c o n t a i n s  n o t  l e s s  t h a n  7 . 9  p e r c e n t  o f  m i l k  
f a t  a n d  n o t  l e s s  t h a n  2 5 . 9  p e r c e n t  o f  t o t a l  m i l k  s o l i d s .  I t  m a y  c o n t a i n  
o n e  o r  b o t h  o f  t h e  f o l l o w i n g  o p t i o n a l  i n g r e d i e n t s :  
" ( 1 )  D i s o d i u m  p h o s p h a t e  o r  s o d i u m  c i t r a t e  o r  b o t h ,  o r  c a l c i u m  c h l o r i d e ,  
a d d e d  i n  a  t o t a l  q u a n t i t y  o f  n o t  m o r e  t h a n  0 . 1  p e r c e n t  b y  w e i g h t  o f  t h e  
f i n i s h e d  e v a p o r a t e d  m i l k .  
" ( 2 )  V i t a m i n  D  i n  s u c h  q u a n t i t y  a s  i n c r e a s e s  t h e  t o t a l  v i t a m i n  D  c o n t e n t  
t o  n o t  l e s s  t h a n  7 . 5  U . S . P .  u n i t s  p e r  a v o i r d u p o i s  o u n c e  o f  f i n i s h e d  e v a p o r a t e d  
m i l k .  
" I t  m a y  b e  h o m o g e n i z e d .  I t  i s  s e a l e d  i n  a  c o n t a i n e r  a n d  s o  p r o c ­
e s s e d  b y  h e a t  a s  t o  p r e v e n t  s p o i l a g e . "  
S w e e t e n e d  c o n d e n s e d  m i l k  i s  " t h e  l i q u i d  o r  s e m i - l i q u i d  f o o d  m a d e  
b y  e v a p o r a t i n g  a  m i x t u r e  o f  s w e e t  m i l k  a n d  r e f i n e d  s u g a r  ( s u c r o s e )  o r  
a n y  c o m b i n a t i o n  o f  r e f i n e d  s u g a r  ( s u c r o s e )  a n d  r e f i n e d  c o r n  s u g a r  
( d e x t r o s e )  t o  s u c h  p o i n t  t h a t  t h e  f i n i s h e d  s w e e t e n e d  c o n d e n s e d  m i l k  
c o n t a i n s  n o t  l e s s  t h a n  2 8  p e r c e n t  o f  t o t a l  s o l i d s  a n d  n o t  l e s s  t h a n  8 . 5  
p e r c e n t  o f  m i l k  f a t .  T h e  q u a n t i t y  o f  r e f i n e d  s u g a r  ( s u c r o s e )  o r  c o m ­
b i n a t i o n  o f  s u c h  s u g a r  a n d  r e f i n e d  c o r n  s u g a r  ( d e x t r o s e )  u s e d  i s  s u f f i ­
c i e n t  t o  p r e v e n t  s p o i l a g e .  
" S u c h  m i l k  m a y  b e  a d j u s t e d ,  b e f o r e  o r  a f t e r  e v a p o r a t i o n ,  b y  t h e  
a d d i t i o n  o r  a b s t r a c t i o n  o f  c r e a m  o r  s w e e t  s k i m  m i l k ,  o r  t h e  a d d i t i o n  o f  
c o n c e n t r a t e d  s w e e t  s k i m  m i l k . "  
M a l t e d  m i l k  i s  " t h e  p r o d u c t  m a d e  . b y  c o m b i n i n g  w h o l e  m i l k  w i t h  
t h e  l i q u i d  s e p a r a t e d  f r o m  a  m a s h  o f  g r o u n d  b a r l e y  m a l t  a n d  w h e a t  
f l o u r ,  w i t h  o r  w i t h o u t  t h e  a d d i t i o n  o f  s o d i u m  c h l o r i d e ,  s o d i u m  b i c a r ­
b o n a t e ,  a n d  p o t a s s i u m  b i c a r b o n a t e ,  i n  s u c h  a  m a n n e r  a s  t o  s e c u r e  t h e  
f u l l  e n z y m i c  a c t i o n  o f  t h e  m a l t  e x t r a c t ,  a n d  b y  r e m o v i n g  w a t e r .  T h e  
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resulting product contains not less than 7.5 percent of butterfat and 
not more than 3.5 percent of moisture." 
Cheddar cheese "contains not more than 39 percent of moisture 
and its solids contain not less than 50 percent of milk fat." 
Washed curd cheese (soaked curd cheese) "contains not more 
than '42 percent of moisture and its solids contain not less than 50 
percent of milk fat." 
Colby cheese "contains not more than 40 percent of moisture, and 
its solids contain not less than 50 percent of milk fat." 
Cream cheese (finished) "contains not less than 33 percent of milk 
fat and not more than 55 percent of moisture. 
"In the preparation of cream cheese, one or any mixture of two or 
more of the optional ingredients gum karaya, gum tragacanth, carob 
bean gum, gelatin, or algin may be used; but the quantity of any such 
ingredient or mixture is such that the total weight of the solids con­
tained therein is not more than 0.5 percent of the weight of the finished 
cream cheese. The name of the optional ingredients shall be indicated 
conspicuously on the label and immediately after the name 'Cream 
Cheese.' " 
Neufchatel cheese (finished) "contains not less than 20 percent but 
less than 33 percent of milk fat and not more than 65 percent of 
moisture." 
Creamed cottage cheese is "the soft uncured cheese prepared by 
mixing cottage cheese with pasteurized cream or a pasteurized mixture 
of cream with milk or skim milk or both. Such cream or mixture is 
used in such quantity that the milk fat added thereby is not less than 
4 percent by weight of the finished creamed cottage cheese. The 
finished cream cottage cheese contains not more than 80 percent 
of moisture." 
Butter is "the food product usually known as butter, and which is 
made exclusively from milk and cream, or both, with or without com­
mon salt, and with or without additional coloring matter. It contains 
not less than 80 percent by weight of milk fat, all tolerances having 
been allowed for." (This definition is in conformity with the act of 
Congress approved March 4, 1923.) 
Standards for Milk Products Used for Animal Feed a 
As certain milk products may be used for animal feeds, stand­
ards are quoted for the guidance of dairy plant operators who 
may be contemplating the manufacture of these products. I n all 
a The standards quoted here are from the official publication of the Associa­
tion of American Feed Control Officials Incorporated, 1947. 
2 0  
C i r c u l a r  N o .  6 3 0  
s t a n d a r d s  f o r  m i l k  p r o d u c t s ,  t h e  A s s o c i a t i o n  o f  A m e r i c a n  F e e d  
C o n t r o l  O f f i c i a l s  r e g a r d  l a c t i c  a c i d  a s  p a r t  o f  t h e  t o t a l  s o l i d s .  
D r i e d  b u t t e r m i l k  ( f e e d i n g )  i s  " t h e  p r o d u c t  r e s u l t i n g  - f r o m  t h e  r e ­
m o v a l  o f  w a t e r  f r o m  c l e a n ,  s o u n d  b u t t e r m i l k  d e r i v e d  f r o m  n a t u r a l  
c r e a m  t o  w h i c h  n o  f o r e i g n  s u b s t a n c e s  h a v e  b e e n  a d d e d ,  e x c e p t i n g  s u c h  
a s  a r e  n e c e s s a r y  a n d  p e r m i t t e d  i n  t h e  m a n u f a c t u r e  o f  b u t t e r .  I t  c o n ­
t a i n s  n o t  m o r e  t h a n  8  p e r c e n t  o f  m o i s t u r e ,  n o t  m o r e  t h a n  1 3  p e r c e n t  o f  
m i n e r a l  m a t t e r  ( a s h ) ,  a n d  n o t  l e s s  t h a n  5  p e r c e n t  o f  b u t t e r f a t  a s  
d e t e r m i n e d  b y  t h e  R o e s e - G o t t l i e b  m e t h o d . "  ( A d o p t e d  1 9 3 2 )  
E v a p o r a t e d ,  c o n c e n t r a t e d ,  o r  c o n d e n s e d  b u t t e r m i l k  i s  " t h e  p r o d u c t  
r e s u l t i n g  f r o m  t h e  r e m o v a l  o f  a  c o n s i d e r a b l e  p o r t i o n  o f  w a t e r  f r o m  
c l e a n ,  s o u n d  b u t t e r m i l k  d e r i v e d  f r o m  n a t u r a l  c r e a m  t o  w h i c h  n o  f o r ­
e i g n  s u b s t a n c e s  h a v e  b e e n  a d d e d ,  e x c e p t i n g  s u c h  a s  a r e  p e r m i t t e d  a n d  
n e c e s s a r y  i n  t h e  m a n u f a c t u r e  o f  b u t t e r .  I t  c o n t a i n s  n o t  l e s s  t h a n  2 7  
p e r c e n t  o f  t o t a l  s o l i d s ,  n o t  l e s s  t h a n  . 0 5 5  p e r c e n t  o f  b u t t e r f a t  f o r  e a c h  
p e r c e n t  o f  s o l i d s ,  a n d  n o t  m o r e  t h a n  . 1 4  p e r c e n t  o f  a s h  f o r  e a c h  p e r c e n t  
o f  s o l i d s . "  ( A d o p t e d  p r i o r  t o  1 9 2 8 ,  a m e n d e d  1 9 4 4 )  
D r i e d  s k i m m e d  m i l k  ( f e e d i n g )  i s  " t h e  p r o d u c t  r e s u l t i n g  f r o m  t h e  
r e m o v a l  o f  w a t e r  f r o m  c l e a n ,  s o u n d  s k i m m e d  m i l k .  I t  c o n t a i n s  n o t  
m o r e  t h a n  8  p e r c e n t  o f  m o i s t u r e . "  ( A d o p t e d  1 9 3 0 )  
C o n d e n s e d  s k i m m e d  m i l k  i s  " t h e  p r o d u c t  r e s u l t i n g  f r o m  t h e  r e ­
m o v a l  o f  a  c o n s i d e r a b l e  p o r t i o n  o f  w a t e r  f r o m  c l e a n ,  s o u r e d  s k i m m e d  
m i l k .  I t  c o n t a i n s  n o t  l e s s  t h a n  2 7  p e r c e n t  o f  t o t a l  s o l i d s . "  ( A d o p t e d  
1 9 3 0 )  
D r i e d  c u l t u r e d  s k i m m e d  m i l k  i s  " t h e  p r o d u c t  r e s u l t i n g  f r o m  t h e  
r e m o v a l  o f  w a t e r  f r o m  c l e a n ,  s o u n d  s k i m m e d  m i l k  w h i c h  h a s  b e e n  
c u l t u r e d  b y  a  s u i t a b l e  c u l t u r e  o f  l a c t i c  b a c t e r i a .  I t  c o n t a i n s  n o t  m o r e  
t h a n  8  p e r c e n t  o f  m o i s t u r e . "  ( A d o p t e d  1 9 3 2 )  
E v a p o r a t e d ,  c o n c e n t r a t e d ,  o r  c o n d e n s e d  c u l t u r e d  s k i m m i l k  i s  " t h e  
p r o d u c t  r e s u l t i n g  f r o m  t h e  r e m o v a l  o f  a  c o n s i d e r a b l e  p o r t i o n  o f  w a t e r  
f r o m  c l e a n ,  s o u n d  s k i m m e d  m i l k  w h i c h  h a s  b e e n  c u l t u r e d  b y  a  s u i t a b l e  
c u l t u r e  o f  l a c t i c  b a c t e r i a .  I t  c o n t a i n s  n o t  l e s s  t h a n  2 7  p e r c e n t  o f  t o t a l  
s o l i d s . "  ( A d o p t e d  1 9 3 2 )  
D r i e d  w h e y  i s  " t h e  b y - p r o d u c t  f r o m  t h e  m a n u f a c t u r e  o f  c h e e s e  o r  
c a s e i n ,  e i t h e r  o r  b o t h .  T h i s  p r o d u c t  s h a l l  c o n t a i n  a t  l e a s t  6 5  p e r c e n t  
o f  l a c t o s e  ( m i l k  s u g a r ) . "  ( A d o p t e d  1 9 3 4 )  
C o n d e n s e d  w h e y  i s  " t h e  p r o d u c t  r e s u l t i n g  f r o m  t h e  r e m o v a l  o f  a  
c o n s i d e r a b l e  p o r t i o n  o f  w a t e r  f r o m  c l e a n ,  s o u n d  c h e e s e  o r  c a s e i n  w h e y ,  
e i t h e r  o r  b o t h .  I t  m u s t  n o t  c o n t a i n  l e s s  t h a n  6 2  p e r c e n t  o f  t o t a l  w h e y  
s o l i d s .  W h e n  t h i s  p r o d u c t  c o n t a i n s  l e s s  t h a n  6 2  p e r c e n t  o f  t o t a l  w h e y  
s o l i d s ,  i t  s h a l l  b e  d e s i g n a t e d  " c o n d e n s e d  w h e y ,  - - - p e r c e n t  s o l i d s . "  
( A d o p t e d  1 9 4 4 )  
D r i e d  w h e y  s o l u b l e s  i s  " t h e  d r i e d  p r o d u c t  r e s u l t i n g  f r o m  t h e  r e ­
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moval of albumen and the partial removal of milk sugar from clean, 
sound whey to which no foreign substances have been added except 
such as are necessary in the manufacture of milk sugar." (Adopted 
1944) 
Condensed whey solubles is "the product resulting from the re­
moval of albumen and the partial removal of milk sugar from clean, 
sound whey to which no foreign substances have been added except 
such as are necessary in the manufacture of milk sugar." (Adopted 
1944) 
Dried whey product is "any dried product, not otherwise defined, 
composed of whey constituents and containing less than 55 percent 
lactose (milk sugar)." (Adopted 1946) 
Casein (feeding) is "the product resulting from acid or rennet 
precipitation of skimmed milk. It must contain at least 80 percent of 
crude protein. " (Adopted 1946) 
Cheese rind is "cooked, partially defatted cheese rind." (Adopted 
1935) 
Suggested Definitions 
Dairy plant. A dairy plant is any establishment owned by 
an individual, group of individuals, or a corporation where milk, 
cream, and other dairy products are bought and sold on the basis 
of their fat content and where the establishment is operated and 
licensed as prescribed by the proper regulatory official. 
Regulatory official. The regulatory official is the representa­
tive of the commissioner of agriculture or the representative of 
any other official state or federal agency charged with the re­
sponsibility of administering regulations for the testing of milk, 
cream, and other dairy products, as may be designated. 
Dairy license. A dairy license is a permit to sample and test 
milk and cream in any plant where these products are bought or 
sold on the basis of their fat or total-solids content, or in any 
laboratory where testing is done and the results are used as a 
basis for payment for Inilk and cream. The license shall be posted 
conspicuously in the place where licensee is employed. 
Some Desirable Regulationsa 
Obtaining a license. Anyone applying for a license to test 
dairy products must execute special forms as prescribed by the 
a These are at present (September 1946) suggested regulations which it is 
hoped Illinois and other states will officially adopt. 
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r e g u l a t o r y  o f f i c i a l  a t  a  p r e d e t e r m i n e d  t i m e  b e f o r e  t h e  e x a m i n a ­
t i o n  i s  d e s i r e d .  
T o  o b t a i n  a  l i c e n s e ,  t h e  a p p l i c a n t  m u s t  h a v e  s a t i s f a c t o r y  
v i s i o n  f o r  t e s t i n g  w o r k .  I f  v i s i o n  i s  i m p a i r e d ,  t h e  p r o p e r  c o r r e c ­
t i o n s  s h a l l  b e  m a d e .  H e  s h a l l  p a s s  a  s a t i s f a c t o r y  o r a l  a n d  w r i t t e n  
e x a m i n a t i o n  o n  a  s e l e c t e d  l i s t  o f  q u e s t i o n s  t h a t  a p p l y  t o  t h e  
s a m p l i n g  a n d  t e s t i n g  o f  m i l k  a n d  c r e a m  a n d  s u c h  o t h e r  d a i r y  
p r o d u c t s  a s  a r e  d e s i g n a t e d  b y  t h e  r e g u l a t o r y  o f f i c i a l .  T h e  a p p l i ­
c a n t  s h a l l  d e m o n s t r a t e  h i s  c o m p e t e n c e  t o  d e t e r m i n e  a c c u r a t e l y  
t h e  m i l k - f a t  c o n t e n t  o f  f r e s h  a n d  o f  p r e s e r v e d  m i l k  a n d  c r e a m  
s a m p l e s  a n d  s u c h  o t h e r  p r o d u c t s  a s  m a y  b e  d e s i g n a t e d .  T h e  d e ­
g r e e  o f  a c c u r a c y  s h a l l  n o t  e x c e e d  t h e  s m a l l e s t  d i v i s i o n  o n  a n  a c ­
c u r a t e  t e s t  b o t t l e .  
A f t e r  q u a l i f y i n g  f o r  a  l i c e n s e ,  t h e  a p p l i c a n t  s h a l l  p a y  t h e  
s t i p u l a t e d  f e e .  T h e  l i c e n s e  s h a l l  b e  v a l i d  f o r  a  s p e c i f i e d  p e r i o d .  
I t  m a y  b e  r e n e w e d  p r o v i d e d  t h e  l i c e n s e e  h a s  d o n e  s a t i s f a c t o r y  
w o r k ,  h a s  p a s s e d  e x a m i n a t i o n s  a s  r e q u i r e d  b y  t h e  r e g u l a t o r y  
o f f i c i a l ,  a n d  h a s  p a i d  t h e  r e n e w a l  f e e .  
T h e  l i c e n s e  s h a l l  b e  r e v o k e d  i f  t h e  p e r s o n  i s  d i s h o n e s t ,  i n c o m ­
p e t e n t ,  i n a c c u r a t e ,  o r  c a r e l e s s .  T h e  r e v o k e d  l i c e n s e  s h a l l  b e  s u r ­
r e n d e r e d  t o  t h e  p r o p e r  r e g u l a t o r y  o f f i c i a l .  
M a k i n g  r e c o r d s  a n d  r e p o r t s .  P e r m a n e n t l y  b o u n d  b o o k  m u s t  
b e  u s e d .  T h e  o r i g i n a l  r e c o r d  o f  a  p a t r o n ' s  d e l i v e r y  o f  m i l k  o r  
c r e a m  a n d  t h e  f a t  t e s t  s h a l l  b e  k e p t  i n  c h r o n o l o g i c a l  o r d e r  i n  a  
p e r m a n e n t l y  b o u n d  b o o k .  T h e  p a g e s  o f  t h i s  b o o k  m u s t  b e  n u m ­
b e r e d  c o n s e c u t i v e l y  a n d  t h e  b o o k  k e p t  i n  t h e  l a b o r a t o r y  w h e r e  
t h e  t e s t s  a r e  m a d e .  
I n  t h i s  o r i g i n a l  r e c o r d  w r i t e  e a c h  p a t r o n ' s  n a m e  a n d  n u m b e r .  
O p p o s i t e  t h e  d i s t i n c t l y  w r i t t e n  n a m e  a n d  n u m b e r  r e c o r d  t h e  
p e r c e n t a g e  o f  m i l k  f a t  f o u n d  i n  t h e  p a t r o n ' s  s a m p l e  a n d  t h e  
w e i g h t  o f  t h e  m i l k  o r  c r e a m .  M a k e  t h e s e  e n t r i e s  w i t h  a n  i n d e l ­
i b l e  p e n c i l  o r  w i t h  p e n  a n d  i n k .  W h e n  n e c e s s a r y  t o  c o r r e c t  e r r o r s ,  
d r a w  a  l i n e  t h r u  t h e  i n c o r r e c t  f i g u r e  a n d  p l a c e  t h e  c o r r e c t  f i g u r e  
o n  t h e  s a m e  l i n e .  H a v e  e a c h  e n t r y  o n  t h e  o r i g i n a l  r e c o r d  
( w h e t h e r  i t  i s  f o r  o n e  d a y  o r  m o r e  t h a n  o n e  d a y )  d a t e d  a n d  
s i g n e d  b y  t h e  l i c e n s e d  p e r s o n  w h o  m a d e  t h e  f a t  d e t e r m i n a t i o n .  
23 Testing Milk and Milk Products 
When two or more licensed persons test samples in the same 
laboratory each must sign the records of the tests he makes. 
If tests are made in a commercial laboratory that is not a 
part of the milk plant where. the samples were taken, a carbon 
copy of the original laboratory records of the fat tests must be 
obtained and filed in the plant from which the samples came. 
All records of fat tests and the weights of patrons' milk to which 
the fat tests apply must be kept for at least one year or for such 
longer period as may be indicated by the regulatory official or his 
representative. 
Records must be open to examination. All laboratory and 
plant records must be open to examination by the regulatory 
official or his representative. Any patron must be allowed to ex­
amine at any time the records of his fat tests and the weights of 
milk or cream he has delivered to the plant. On written request, 
a patron must be furnished a record of the fat percentages and 
weights of milk or cream which he delivered to the plant during 
a specified period. 
Payment must be based on weight and fat content. Milk 
and cream delivered by patrons or by their representatives must 
be paid for on the basis of weight and fat content as determined 
by the Babcock method or by the Mojonnier ether-extraction 
method (a mechanized modification of the official Roese-Gottlieb 
procedure). l* Milk and cream sold by one dairy plant to any 
other plant for fluid, or for any manufacturing purpose what­
soever, must be paid for on the basis of weight and fat content. 
The invoice must indicate the weight of the milk, its fat per­
centage, and the total pounds of fat. 
It is conceivable that, in the future , payment may also be 
made on the basis of the percentages of fat and of solids-not-fat, 
subject, of course, to the approval of the proper regulatory 
official. 
Responsibility for observing regulations. The purchaser or 
receiver of milk or cream, or the licensed manager of any cream 
or milk-gathering station, manufacturing plant, or plant that 
receives or buys milk or cream from producers for sale or for 
resale · or for manufacture, where the payment for milk or cream 
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i s  b a s e d  i n  w h o l e  o r  i n  p a r t  o n  t h e  m i l k - f a t  c o n t e n t ,  i s  r e s p o n s i b l e  
f o r  a n y  v i o l a t i o n  o f  r e g u l a t i o n s  b y  a n y  p e r s o n  w h o  w o r k s .  u n d e r  
h i s  d i r e c t i o n  o r  w h o  i s  s u b j e c t  t o  h i s  o r d e r s .  
B A B C O C K  T E S T  F O R  F A T  I N  M I L K  A N D  C R E A M  
S p e c i f i c a t i o n s  f o r  E q u i p m e n t  a n d  C h e m i c a l s  
G l a s s w a r e  f o r  m a k i n g  t e s t .  S p e c i f i c a t i o n s  f o r  B a b c o c k  m i l k  
a n d  c r e a m  t e s t  b o t t l e s  a n d  m i l k  p i p e t s  h a v e  b e e n  a d o p t e d  b y  t h e  
N a t i o n a l  B u r e a u  o f  S t a n d a r d s ,  b y  t h e  A m e r i c a n  D a i r y  S c i e n c e  
A s s o c i a t i o n ,  b y  t h e  A s s o c i a t i o n  o f  O f f i c i a l  A g r i c u l t u r a l  C h e m i s t s ,  
a n d  b y  a  n u m b e r  o f  s t a t e s .  F o r  a  d e t a i l e d  d e s c r i p t i o n  o f  B a b c o c k  
g l a s s w a r e ,  r e f e r  t o  o f f i c i a l  p r o c e d u r e s  i n  t h e  A .  O .  A .  C . l *  T h e  
f o l l o w i n g  b o t t l e s  a n d  p i p e t  a r e  s p e c i f i e d  f o r  o f f i c i a l  u s e  ( s e e  F i g .  
1 :  A ,  B ,  C ,  D ,  F )  :  
M i l k  t e s t  b o t t l e  
1 8 - g r a m ,  6 - i n c h ,  g r a d u a t e d  i n  . 1  %  f r o m  0  t o  8 %  
C r e a m  t e s t  b o t t l e s  
9 - g r a m ,  6 - i n c h ,  g r a d u a t e d  i n  . 5 %  f r o m  0  t o  5 0 %  
9 - g r a m ,  9 - i n c h ,  g r a d u a t e d  i n  . 5  %  f r o m  0  t o  5 0 %  
1 8 - g r a m ,  9 - i n c h ,  g r a d u a t e d  i n  . 5 %  f r o m  0  t o  5 0 %  
M i l k  p i p e t  c a l i b r a t e d  t o  c o n t a i n  1 7 . 6  m l .  a t  6 8 °  F .  
S p e c i f i c a t i o n s  f u r t h e r  p r o v i d e  t h a t  t h e  m a x i m u m  e r r o r  o f  t h e  
t o t a l  g r a d u a t i o n s  i n  a  b o t t l e ,  o r  o f  a n y  p a r t  o f  t h e  g r a d u a t i o n s ,  
s h a l l  n o t  e x c e e d  t h e  v o l u m e  o f  t h e  s m a l l e s t  u n i t  o f  g r a d u a t i o n .  
T h e  p i p e t  s h a l l  d i s c h a r g e  i t s  c o n t e n t s  i n  5  t o  8  s e c o n d s .  T h e  
m a x i m u m  e r r o r  o f  t h e  p i p e t  s h a l l  n o t  e x c e e d  . 0 5  m l .  
O t h e r  t y p e s  o f  c r e a m  t e s t  b o t t l e s  a r e  m a n u f a c t u r e d  a n d  u s e d  
i n  s o m e  s t a t e s .  I n d i v i d u a l  b o t t l e s  a r e  c a l i b r a t e d  f r o m  0 - 3 0 ,  0 - 4 0 ,  
0 - 5 0 ,  0 - 5 5 ,  a n d  0 - 6 0  p e r c e n t ,  w i t h  d i v i s i o n s  v a r y i n g  f r o m  . 2  p e r ­
c e n t  t o  . 5  p e r c e n t .  S o  f a r  a s  t h e  w r i t e r  i s  a w a r e ,  n o  c o m p a r i s o n  
o f  t h e  a c c u r a c y  o f  t h e s e  i n d i v i d u a l  b o t t l e s  f o r  c r e a m  w i t h  t h e  
a c c u r a c y  o f  t h e  o f f i c i a l  e t h e r - e x t r a c t i o n  m e t h o d  h a s  b e e n  p u b ­
l i s h e d .  I n  d e s i g n  t h e s e  b o t t l e s  a r e  l i k e  t h e  o f f i c i a l  o n e s  a n d  a r e  
a s s u m e d  t o  g i v e  a s  a c c u r a t e  r e s u l t s .  
T h e r e  a r e  t h r e e  t y p e s  o f  c r e a m  t e s t  b o t t l e s  t h a t  a r e  n o t  r e c ­
o m m e n d e d  b e c a u s e  t h e  g r a d u a t i o n s  ( 1  p e r c e n t )  a l l o w  t o o  m u c h  
l a t i t u d e  i n  i n t e r p r e t i n g  r e s u l t s ;  t h e y  c a n n o t  b e  r e a d  a s  a c c u r a t e l y  
o n  i n d i v i d u a l  s a m p l e s  a s  b o t t l e s  t h a t  a r e  c a l i b r a t e d  i n  . 5 - p e r c e n t  
25 Testing Milk and Milk Products 
divisions. Two of these bottles are calibrated from 0 to 50 per­
cent, and one from 0 to 55 percent. 
Besides the I8-gram 8-percent bottle, two other milk test 
bottles are used in this country but neither is approved for milk 
by recognized official organizations. One bottle is calibrated from 
W 
17" 
ml 
j 
A B c D E F 
Test bottles for milk and cream and a milk pipet. (A) Milk test bottle, 18­
gram, 6-inch, graduated in .1% from 0 to 8%. (8, c, D) Cream test bottles 
graduated in .5% from 0 to 50% . 8 is a 9-gram, 6-inch bottle; C is a 9-gram, 
9-inch bottle; and D is an 18-gram, 9-inch bottle. (E) Skimmilk test bottle, 18­
gram, 6-inch, graduated in .01% from 0 to 50%. (F) Milk pipet calibrated to 
contain 17.6 ml. at 68° F. (Fig. 1) 
o to 10 in .2-percent divisions and should not be used because it 
allows too much latitude in reading the test. The other bottle 
is calibrated from 0 to 10 in .I-percent divisions. 
There are two bottles that are used for testing skimmilk, 
buttermilk, and whey, but neither is officially approved. Both are 
of I8-gram capacity. One is calibrated from 0 to .25. The other, 
which is preferable, is calibrated from 0 to .50 in .OI-percent 
divisions (Fig. 1, E). 
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M a n u f a c t u r e r s  s h o u l d  b e  h e l d  r e s p o n s i b l e  f o r  t h e  a c c u r a c y  o f  
t h e  g l a s s w a r e  u s e d  i n  t e s t i n g .  E a c h  s h o u l d  b e  u n d e r  b o n d  t o  t h e  
s t a t e  t o  c a l i b r a t e  a n d  m a r k  p e r m a n e n t l y  e a c h  m i l k  a n d  c r e a m  
t e s t  b o t t l e  a n d  p i p e t  w i t h  h i s  n a m e  o r  t r a d e m a r k  a n d  t h e  w o r d  
S e a l e d .  
C e n t r i f u g e .  T h e  c e n t r i f u g e  m u s t  b e  o p e r a t e d  b y  m e c h a n i c a l  
p o w e r ,  p r e f e r a b l y  b y  e l e c t r i c i t y .  T h e  w h i r l i n g  c h a m b e r  m u s t  b e  
h e a t e d  t o  a n  a v e r a g e  t e m p e r a t u r e  o f  1 3 0
0  
t o  1 3 5
0  
w h e t h e r  i t  
h~s a  f u l l  l o a d  o f  t e s t  b o t t l e s  o r  l e s s  t h a n  a  f u l l  l o a d .  
E x p e r i m e n t s  h a v e  s h o w n
1 9
*  t h a t  t h e  t e m p e r a t u r e  i n  t h e  w h i r l i n g  
c h a m b e r  o f  o n e  e l e c t r i c a l l y  h e a t e d  m a c h i n e  a v e r a g e d  a t  t h e  o u t e r  
c i r c u m f e r e n c e  1 3 6 . 5
0  
a n d  a t  t h e  c e n t e r ,  1 3 1  
0  
T h e  t e m p e r a t u r e  i n  t h e•  
c e n t r i f u g e  m u s t  b e  c a r e f u l l y  r e g u l a t e d  b e c a u s e  o v e r h e a t i n g  w i l l  c a u s e  
t h e  c o n t e n t s  o f  t h e  b o t t l e s  t o  c o n t r a c t  w h e n  p l a c e d  i n  t h e  w a t e r  b a t h .  
T h i s  m a y  p u t  t h e  l o w e r  p o r t i o n  o f  t h e  f a t  c o l u m n s  o f  t h e  h i g h e r - t e s t i n g  
m i l k s  b e l o w  t h e  g r a d u a t e d  n e c k .  A c c u r a t e  r e a d i n g s  c a n n o t  b e  m a d e  
w h e n  t h e  f a t  c o l u m n  h a s  r e c e d e d ,  b e c a u s e  t h e  m e n i s c u s  ( t h e  c u r v e  a t  
t h e  t o p  o f  t h e  c o l u m n )  m a y  b e c o m e  a b n o r m a l l y  e l o n g a t e d ,  f a t  m a y  
s t i c k  t o  t h e  g l a s s ,  a n d  t h e  l o w e r  e n d  o f  t h e  f a t  c o l u m n  m a y  b e c o m e  
m o r e  r o u n d e d .  F u r t h e r m o r e ,  e x c e s s i v e  h e a t i n g  i n  t h e  c e n t r i f u g e  w i l l  
r u i n  t h e  t e s t s  b y  f o r c i n g  s o m e  f a t  o u t  o f  t h e  n e c k  o f  t h e  b o t t l e .  T h e s e  
c o n d i t i o n s  m a y  b e  m a d e  w o r s e  b y  a d d i n g  w a t e r  t o  t h e  t e s t  b o t t l e s  a t  
t e m p e r a t u r e s  c o n s i d e r a b l y  a b o v e  1 4 0
0  
b e t w e e n  w h i r l i n g s .  H i g h e r  r e ­
s u l t s  a r e  o b t a i n e d  f r o m  h e a t e d  c e n t r i f u g e s  t h a n  f r o m  u n h e a t e d  o n e s .
1  0
*  
T h e  c e n t r i f u g e  ( F i g .  2 )  m u s t  b e  e q u i p p e d  w i t h  a n  a t t a c h e d  
s p e e d  i n d i c a t o r  ( t a c h o m e t e r )  a n d  a  t h e r m o m e t e r .  A  t h e r m o s t a t  
i s  r e c o m m e n d e d .  T h e  m a c h i n e  m u s t  b e  s e t  l e v e l ,  b o l t e d  s e c u r e l y  
t o  a  f i r m  t a b l e ,  a n d  k e p t  i n  t h e  b e s t  m e c h a n i c a l  c o n d i t i o n .  
T h e  p r o p e r  s p e e d  o f  t h e  f u l l y  l o a d e d  c e n t r i f u g e  d e p e n d s  o n  
t h e  d i a m e t e r  o f  t h e  w h e e l ,  a s  i n d i c a t e d  i n  t h e  f o l l o w i n g  t a b l e :  
S p e e d ,  
S p e e d ,  
D i a m e t e r  o f  w h e e l  r . p . m .  
D i a m e t e r  o f  w h e e l  r . p . m .  
1 2  i n c h e s  . . . . . . . . . . . . . . . . . 9 8 0  
2 0  i n c h e s  . . . . . . . . . . . . . . . . 7 5 9  

1 4  i n c h e s  . . . . . . . . . . . . . . . . . 9 0 9  
2 2  i n c h e s  . . . . . . . . . . . . . . . .  7 2 4  

1 6  i n c h e s  . . . . . . . . . . . . . .  . . .  8 4 8  
2 4  i n c h e s  . . . . . . . . .  . . . .  . . .  6 9 3  

1 8  i n c h e s  .  .  . . . . . . . . . . . . . . . 8 0 0  

T h e  d i a m e t e r  o f  t h e  w h e e l  i s  t h e  d i s t a n c e  b e t w e e n  t h e  i n s i d e  
b o t t o m s  o f  o p p o s i t e  h o r i z o n t a l  c u p s  a s  m e a s u r e d  t h r u  t h e  c e n t e r  
o f  r o t a t i o n .  
Mechanical 
test-bottle 
shaker. 
(Fig. 4) 
Alarm clock with automatic timing 
device. (Fig. 3) 
A Electrically operated centrifuge, 
\Jwith thermostat, speed indicator, 
and thermometer. (Fig. 2) 
Water bath for tem­
pering both samples 
and tests. (Fig. 5) 
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T i m e  c l o c k .  T o  d e t e r m i n e  a c c u r a t e l y  t h e  l e n g t h  o f  t h e  w h i r l ­
i n g  p e r i o d s  a n d  t h e  t i m e  t h e  b o t t l e s  s h o u l d  r e m a i n  i n  t h . e  w a t e r  
b a t h ,  u s e  a n  a l a r m  c l o c k  w i t h  a n  a u t o m a t i c  t i m i n g  d e v i c e  
( F i g .  3 ) .  
B a b c o c k  t e s t - b o t t l e  s h a k e r s .  I n  o r d e r  t o  o b t a i n  t h e  c l e a r e s t  
f a t  c o l u m n s ,  b o t t l e s  n l u s t  b e  s h a k e n  f o r  3  t o  5  m i n u t e s  a s  s o o n  
a s  a c i d  i s  a d d e d .  T o  s t a n d a r d i z e  t h e  s h a k i n g  p r o c e s s ,  a  n l e c h a n i ­
c a l  s h a k i n g  d e v i c e  ( F i g .  4 )  a  t h a t  p r o d u c e s  a  r o t a r y  m o t i o n  i s  
n e c e s s a r y .  B o t t l e s  c a n  b e  p l a c e d  o n  a n d  t a k e n  o f f  t h i s  m a c h i n e  
w h i l e  i t  i s  i n  m o t i o n .  
W a t e r  b a t h s .  F o r  a d j u s t i n g  t e m p e r a t u r e  o f  s a m p l e s .  P r o ­
v i d e  a  w a t e r  b a t h  f o r  a d j u s t i n g  a n d  m a i n t a i n i n g  p r o p e r  t e m p e r a ­
t u r e  o f  s a m p l e s  b e f o r e  t h e y  a r e  p i p e t t e d .  T h e  b a t h  s h o u l d  b e  
e q u i p p e d  w i t h  s e p a r a t e  c o m p a r t m e n t s  t o  k e e p  s a m p l e  b o t t l e s  
u p r i g h t ;  i t  s h o u l d  h a v e  a  t h e r n l o n l e t e r  t h a t  i s  a c c u r a t e  t o  1
0  
a n d  
a n  a u t o m a t i c  h e a t i n g  e l e m e n t  t h a t  w i l l  m a i n t a i n  p r o p e r  t e m ­
p e r a t u r e  ( F i g .  5 ) .  
F o r  t e m p e r i n g  f i n i s h e d  t e s t s .
b  
H a v e  w a t e r  b a t h  e q u i p p e d  w i t h  
a  h e a t e r  t h a t  w i l l  m a i n t a i n  a  t e m p e r a t u r e  o f  1 3 5
0  
t o  1 4 0
0
,  a  
t h e r m o m e t e r  t h a t  i s  a c c u r a t e  t o  1
0
,  a n d ·  s e p a r a t e  c o m p a r t m e n t s  
t o  h o l d  b o t t l e s  u p r i g h t .  A  t h e r m o s t a t  i s  r e c o m m e n d e d .  T h e  p u r ­
p o s e  o f  t h e  w a t e r  b a t h  i s  t o  s t a n d a r d i z e  t h e  t e m p e r a t u r e  o f  t h e  
f a t  c o l u m n s .  F a t  h a s  a  s p e c i f i c  g r a v i t y  o f  c l o s e  t o  . 9  a t  t h e  t i m e  
o f  r e a d i n g .  N e c k s  o f  t e s t  b o t t l e s  a r e  c a l i b r a t e d  t o  b e  r e a d  d i r e c t  
i n  p e r c e n t  w h e n  t h e  f a t  h a s  a  s p e c i f i c  g r a v i t y  o f  . 9  ( F i g .  5 ) .  
C a l i p e r s  ( d i v i d e r s ) .  V a r i o u s  t y p e s  o f  c a l i p e r s  a r e  u s e d  f o r  
e s t i m a t i n g  t h e  f a t  c o l u m n .  S o m e  o f  t h e s e  a r e  s u p e r i o r  a n d  d u r ­
a b l e ;  s o m e  a r e  i n f e r i o r .  A  g o o d  c a l i p e r  h a s  a  f r i c t i o n - l o c k i n g  
d e v i c e  w i t h  a n  a d j u s t m e n t  t o  c o m p e n s a t e  f o r  w e a r ,  i s  r e s i s t a n t  t o  
c o r r o s i o n ,  a n d  h a s  t w o  s h a r p  p o i n t s .  T h r e e  t y p e s  o f  c a l i p e r s  a r e  
s h o w n  i n  F i g .  6 .  
a  T h i s  a p p a r a t u s  i s  c a l l e d  t h e  " B u r r e l l - F a c i l e "  t e s t - b o t t l e  s h a k e r  a n d  i s  m a d e  
f o r  e i t h e r  2 4  o r  3 6  b o t t l e s .  I t  m a y  b e  o b t a i n e d  f r o m  s e v e r a l  w e l l - k n o w n  m a n u ­
f a c t u r e r s  o f  t e s t i n g  e q u i p m e n t .  
b  A c c u r a t e  r e a d i n g s  c a n  b e  m a d e  d i r e c t  f r o m  t h e  c e n t r i f u g e  w h e n  i t  i s  
e q u i p p e d  w i t h  a  t h e r m o s t a t  a n d  a n  e l e c t r i c  h e a t e r  t h a t  w i l l  m a i n t a i n  a  t e m p e r ­
a t u r e  o f  a b o u t  1 3 0
0  
t o  1 4 0
0  
F .  i n  t h e  w h i r l i n g  c h a m b e r ,  p r o v i d e d  t h e  r o o m  t e m ­
p e r a t u r e  i s  n o t  l e s s  t h a n  6 8
0  
t o  7 0  
0  
F .  T e s t e r s  a r e  c a u t i o n e d ,  h o w e v e r ,  t o  r e a d  
t h e i r  t e s t s  f r o m  a  w a t e r  b a t h ,  i f  i t  i s  s o  s p e c i f i e d  b y  s t . a t e  l a w .  
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RIGHT WRONG 
Calipers for measuring the fat column must be carefully chosen. The kind 
shown at the extreme left are best - note that the pointers are almost 
parallel when in position for reading the test. The center calipers have the 
same good features as those at the left except that the pointers are at a 
slightly greater angle when spread against the fat column. Calipers like 
those at the right should not be used - they do not lock, the pointers are 
bad, and the construction is not durable. Neither should fishtail calipers 
(not shown) be used. (Fig. 6) 
Reading devices designed for more accurate measurements 
of the fat column are convenient and have been suggested by 
several investigators. I3, 32, 35*16, 
Hot-water facilities. Use distilled water or pure rain water 
to add to the test bottles. Keep this water in a noncorrosive 
container that is equipped with an indicating thermometer and 
with an automatic heating device that will hold the water at the 
correct temperature. 
Acid dispenser. A graduated cylinder or dipper is a satisfac­
tory dispenser when 'Only a few tests are to be made. For a large 
number of tests a buret is more efficient. A buret attached to a 
glass bottle is also conlmonly used (Fig. 7). 
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T h r e e  c o m m o n  t y p e s  o f  a c i d  d i s p e n s e r s .  ( F i g .  7 )  
S u l f u r i c  a c i d .  - U s e  a c i d  t h a t  h a s  a  s p e c i f i c  g r a v i t y  o f  1 . 8 2 - 1 . 8 3  
a t  6 8 °  F .  T h i s  m e a n s  t h a t  i t s  p u r i t y  i s  a b o u t  9 0  t o  9 2  p e r c e n t .  
S o m e  l o t s  o f  a c i d  n 1 a y  b e  s o m e w h a t  s t r o n g e r .  B a b c o c k - t e s t  o p e r a ­
t o r s  f r e q u e n t l y  r e p o r t  t h a t  a  n e w  s h i p m e n t  o f  a c i d  i s  s o  s t r o n g  
t h a t  i t  b u r n s  t h e  f a t  c o l u m n .  T o  c o r r e c t  t h i s  c o n d i t i o n ,  u s e  
s m a l l e r  a n 1 0 u n t s  o f  a c i d  t o  o b t a i n  c l e a r  a n d  t r a n s l u c e n t  f a t  
c o l u n 1 n s ,  o r  c o r r e c t  t h e  s p e c i f i c  g r a v i t y  o f  t h e  a c i d  b y  d i l u t i n g  i t  
w i t h  w a t e r .  ( A s  d i l u t i n g  a c i d  t a k e s  t i 1 n e  a n d  i s  d a n g e r o u s ,  i t  
m u s t  b e  d o n e  o n l y  b y  a  p e r s o n  w h o  h a s  s o m e  k n o w l e d g e  o f  
c h e m i s t r y .  T h e  m o r e  p r a c t i c a l  p r o c e d u r e  i s  t o  u s e  l e s s  a c i d . )  
H a n d l e  s u l f u r i c  a c i d  w i t h  c a r e .  T h i s  a c i d  w i l l  c a u s e  t h e  s k i n  t o  
d r y  a n d  c r a c k  a n d  b e c o m e  s o r e .  I t  w i l l  d a m a g e  c l o t h i n g ,  w o o d e n  t a b l e  
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tops, floors, and metal urfaces. If it is spilled on clothes, floors, or 
similar materials, neutralize it immediately with a mild alkali such 
as one of the common washing powders. Do not use caustic soda or its 
commercial equivalent called lye. 
Store large carboys of acid -in a room, preferably at 60 °-70°, and 
keep them tightly stopped at all times. Acid takes water from air and 
loses strength. Sulfuric acid can be bought in glass-stoppered bottles 
with ten bottles to the case. This unit is more convenient to handle in 
the laboratory than the large carboys. The case and bottles can be 
returned for credit. 
Meniscus remover (glymoU. Just before reading the Bab­
cock test for cream, add a few drops of glymol to the fat column 
to remove the meniscus (the curve at the top of the column). 
Glymol is a colorless mineral oil having a maximum specific 
gravity of .85 at 70°. To the oil has been added enough red dye 
to produce a sharp contrast with the yellow of the fat column. 
Cream balances. Use a cream balance of single- or multiple­
bottle capacity and a sensitivity of 30 milligrams. This sensitivity 
means that the pointer will move at least one division on the 
graduated scale when a 30-milligram weight is added to either 
pan while the scale has a full load and is balanced. Set balance 
level on a firm support that does not vibrate and see that it is 
protected from drafts (Fig. 8). Keep balance in good working 
condition, clean and polished, and away from excessive moisture 
and acid fumes. 
Weights. Use weights made of durable material, such as 
gold- or chromium-plated brass, or stainless steel. See that the 
9-gram weight does not have an error of more than 5 milligrams 
plus or minus, and that the I8-gram weight does not have an 
error of more than 9 milligrams plus or minus. After using the 
weights, take them off the scale and set them in their proper slot 
in a wooden block to protect them against mechanical injury. 
(Do not set weights on a table where there is danger of contact 
with acids or other chemicals that will corrode them. ) Use 
weights that are plainly marked 9 or 18 grams. 
Check weights at monthly intervals against weights known to 
be aqcurate. Handle them with forceps, not with fingers. 
Sampling device. For sampling use a dipper, san1pling tube, 
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A  c r e a m  b a l a n c e  i s  a  v e r y  s e n s i t i v e  p i e c e  o f  e q u i p m e n t  a n d  s h o u l d  h a v e  
e s p e c i a l l y  g o o d  c a r e .  T h i s  b a l a n c e  i s  i n c l o s e d  i n  a  g l a s s  c a s e  1 8  i n c h e s  h i g h ,  
2 4  i n c h e s  l o n g ,  a n d  1 0  i n c h e s  w i d e .  ( F i g .  8 )  
o r  o t h e r  a p p r o v e d  e q u i p m e n t .  C h o o s e  a  d e v i c e  o f  t h e  r i g h t  s i z e  
f o r  t h e  l e n g t h  o f  t h e  s a m p l i n g  p e r i o d .  A t  t h e  e n d  o f  t h e  c o m ­
p o s i t e  p e r i o d  t h e  s a m p l e  m u s t  n o t  b e  l e s s  t h a n  1 4 0  m l .  A  f r e s h  
s a m p l e  o f  m i l k  o r  a  s a m p l e  o f  c r e a m  m u s t  n o t  b e  l e s s  t h a n  1 0 0  
m l .  T h r e e  s a m p l e r s  o f  t h e  d i p p e r  t y p e  a r e  s h o w n  i n  F i g .  9 .  
S t i r r i n g  d e v i c e .  U s e  a  s t i r r e r  t h a t  w i l l  p r o d u c e  u n i f o r m  m i x ­
i n g .  A  g o o d  d e v i c e  i s  a  r i g i d  m e t a l  r o d  w i t h  a  p e r f o r a t e d  m e t a l  
d i s k  4  t o  6  i n c h e s  i n  d i a m e t e r  a t t a c h e d  t o  t h e  b o t t o m .  W h a t e v e r  
i s  u s e d ,  i t  m u s t  b e  l o n g  e n o u g h  t o  r e a c h  t h e  e x t r e m e  p a r t s  o f  t h e  
c o n t a i n e r .  
C o m p o s i t e  s a m p l e  b o t t l e s .  B o t t l e s  m u s t  b e  c l e a n ,  d r y ,  a n d  
r o u n d .  T h e y  s h o u l d  b e  m a d e  o f  ·  d u r a b l e  g l a s s  w i t h  s h o u l d e r s  
s l o p e d  s o  t h a t  t h e  f a t  w h i c h  a d h e r e s  t o  t h e  g l a s s  m a y  b e  d i s ­
l o d g e d  e a s i l y .  T h e  b o t t l e  n e c k  s h o u l d  h a v e  a n  o p e n i n g  1 1 ; 4  t o  
l  Y 2  i n c h e s  i n  d i a m e t e r  a n d  a  t i g h t  r u b b e r  s t o p p e r  t h a t  i s  p e r ­
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manently attached to the bottle. A bottle with a metal screw cap 
or friction cap is not recommended unless it has a nonabsorbent 
gasket. The 8-ounce bottle is the smallest that can be used for 
composite samples. 
Three sampling devices of the dipper type. (Fig. 9) 
Each bottle must be numbered to identify one patron. This 
same number for this patron must be carried on the creamery 
records. The number should be engraved or countersunk on a 
brass plate. Each figure in the number should be at least ~ inch 
high and at least %6 of an inch wide. The indented numbers on 
the brass plate should be painted with durable black paint. The 
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n u m b e r  p l a t e  m a y  b e  a t t a c h e d  t o  t h e  n e c k  o f  t h e  t e s t  b o t t l e  w i t h  
c o p p e r  w i r e  o r  s o m e  o t h e r  p e r m a n e n t  a t t a c h m e n t  t h a t  i~ r e l a ­
t i v e l y  n o n c o r r o s i v e  ( F i g .  1 0 ) .  O r  i t  m a y  b e  p l a c e d  o n  t o p  o f  t h e  
r u b b e r  s t o p p e r  p r o v i d e d  i t  i s  s e c u r e l y  a t t a c h e d  w i t h  t w o  r e l a ­
t i v e l y  n o n c o r r o s i v e  c o t t e r  p i n s  a n  i n c h  l o n g ,  o n e  a t  e a c h  e n d  o f  
t h e  p l a t e .  ( D o  n o t  p a i n t  n u m b e r s  o n  r u b b e r  s t o p p e r s  o r  o n  c o m ­
p o s i t e  b o t t l e s ,  a s  t h e y  w i l l  g r a d u a l l y  p e e l  o f f . )  
C o m p o s i t e  s a m p l e  b o t t l e s  i n  e a c h  p l a n t  m u s t  b e  n u m b e r e d  
c o n s e c u t i v e l y .  P l a c e  d a t e  b e s i d e  n a m e  a n d  n u m b e r  o f  e a c h  p a t r o n  
w h e n  n u m b e r  i s  a s s i g n e d  a n d  a g a i n  w h e n  i t  i s  c a n c e l l e d .  R e c o r d  
i n  i n k  o r  i n  t y p e w r i t i n g .  F i l e  t h e s e  r e c o r d s  i n  t h e  p l a n t  o f f i c e  a n d  
i n  t h e  t e s t i n g  l a b o r a t o r y .  D o  n o t  u s e  t w o  b o t t l e s  w i t h  t h e  s a m e  
n u m b e r  u n l e s s  t h e y  r e p r e s e n t  s a m p l e s  t h a t  a r e  b e i n g  t a k e n  i n  
d u p l i c a t e  f r o m  t h e  s a m e  p a t r o n .  N o  b o t t l e  s h o u l d  c a r r y  t w o  d i f ­
f e r e n t  n u m b e r  p l a t e s .  W h e n  p a t r o n s  l e a v e  a  p l a n t ,  d o  n o t  r e a s s i g n  
t h e i r  n u m b e r s  u n t i l  t h e  b e g i n n i n g  o f  a  c o m p o s i t e  p e r i o d .  
I n  o r d e r  t o  d e s t r o y  b a c t e r i a  a n d  m o l d s  t h a t  a d h e r e  t o  t h e  g l a s s  
a n d  e s p e c i a l l y  t o  t h e  s t o p p e r s ,  w a s h ,  r i n s e ,  s t e r i l i z e ,  a n d  d r y  i n n e r  
a n d  o u t e r  s u r f a c e s  o f  b o t t l e s  a n d  s t o p p e r s  b e f o r e  u s i n g  t h e m  
a g a i n .  T o  s t e r i l i z e  b o t t l e s  a n d  s t o p p e r s  t r e a t  t h e m  i n  o n e  o f  t h e s e  
t h r e e  w a y s :  ( 1 )  i m m e r s e  t h e m  f o r  a t  l e a s t  1 0  m i n u t e s  i n  a  
c h l o r i n e  s o l u t i o n  c o n t a i n i n g  2 0 0  p a r t s  o f  c h l o r i n e  p e r  m i l l i o n ;  o r  
( 2 )  i m m e r s e  t h e m  f o r  a t  l e a s t  1 0  m i n u t e s  i n  a  d i l u t e d  f o r m a l i n  
s o l u t i o n  t h a t  c o n t a i n s  4  p a r t s  o f  4 0 - p e r c e n t  f o r m a l d e h y d e  s o l u ­
t i o n  a n d  9 6  p a r t s  o f  w a t e r ;  o r  ( 3 )  u s e  s o m e  o t h e r  d i s i n f e c t a n t  
t h a t  i s  a p p r o v e d  b y  r e g u l a t o r y  o f f i c i a l s .  D o  n o t  u s e  f l o w i n g  s t e a m  
o r  s t e a m  u n d e r  p r e s s u r e  o n  b o t t l e s  w i t h  r u b b e r  s t o p p e r s .  
H a v e  e n o u g h  c o m p o s i t e  t e s t  b o t t l e s  s o  t h a t  t h e  s a m p l e s ,  a f t e r  
t h e y  a r e  t e s t e d ,  c a n  b e  h e l d  i n  t h e  p l a n t  f o r  t h e  l e n g t h  o f  t i m e  
s p e c i f i e d  b y  t h e  r e g u l a t o r y  o f f i c i a l s .  P r o v i d e  a d d i t i o n a l  b o t t l e s  
o f  t h e  s a m e  t y p e  f o r  c o l l e c t i n g  a n d  t e s t i n g  f r e s h  s a m p l e s  a s  r e ­
q u i r e d  b y  t h e  r e g u l a t o r y  o f f i c i a l s .  
H a n d l i n g  a n d  C a r e  o f  C o m p o s i t e  S a m p l e s  
P r e s e r v a t i v e .  F o r  e a c h  8 - o u n c e  · b o t t l e ,  u s e  o n e  c o r r o s i v e  s u b ­
l i m a t e  t a b l e t  ( c a l l e d  m e r c u r i c  c h l o r i d e  o r  b i c h l o r i d e  o f  m e r c u r y )  
w h i c h  c o n t a i n s  . 3  g r a m  o f  m e r c u r i c  c h l o r i d e  p e r  t a b l e t ,  o r  u s e  a n y  
o t h e r  e q u a l l y  e f f e c t i v e  p r e s e r v a t i v e  t h a t  i s  a p p r o v e d  b y  t h e  r e g u ­
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Approved type of composite bottle (center) and two kinds of cabinets. The 
bottle in the center is an approved type for either milk or cream. The 
stopper is permanently attached to the bottle and the customer's number 
(26) is countersunk on the brass plate immediately below the cap. On either 
side of the bottle are cabinets for storing composite samples. The cylin­
drical cabinet at the left is refrigerated with cold air. The box type of cabi­
net at the right is refrigerated with cold water. (Figs. 10, 11, 12) 
latory officials. This amount of mercuric chloride will adequately 
preserve the milk sample during sampling periods of 7, 14, or 
30 days and for the subsequent holding period as required by 
regulatory officials, provided the samples are properly refriger­
ated. If an equally effective liquid preservative is used, the 
amount added should not increase the final volume of the com­
posite sample at the end of the period by more than .2 percent. 
Put the preservative into a dry bottle. After each addition 
of milk to the composite sample bottle, rotate the bottle with 
one move men t of the wrist in order to mix the layer of cream and 
the added milk. Do not shake the bottle as shaking tends to 
destabilize the emulsion of fat and interfere with accurate 
sampling. 
Storing samples. Store preserved composite milk and cream 
samples during sampling period in a cabinet or box that is re­
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f r i g e r a t e d  t o  m a i n t a i n  a  t e m p e r a t u r e  i n  t h e  c o m p o s i t e  s a m p l e s  
a t  3 5
0  
t o  4 5
0  
T h e  c a b i n e t  s h o u l d  b e  l a r g e  e n o u g h  t o  h o l d  a l l  •  
s a m p l e  b o t t l e s  f o r  t h e  c u r r e n t  s a m p l i n g  p e r i o d .  I f  c o m p · o s i t e  
s a m p l e s  a r e  r e f r i g e r a t e d  w i t h  c o l d  w a t e r  o r  i c e ,  t h e  c a b i n e t  m u s t  
b e  e q u i p p e d  w i t h  s e p a r a t e  d i v i s i o n s  w h i c h  w i l l  a l l o w  t h e  w a t e r  t o  
c i r c u l a t e ,  a n d  a l s o  p r e v e n t  b o t t l e s  f r o m  t i p p i n g  o v e r .  T o  k e e p  
u n a u t h o r i z e d  p e r s o n s  f r o m  t a m p e r i n g  w i t h  s a m p l e s ,  t h i s  c a b i n e t  
m u s t  b e  l o c k e d  w i t h  a  d u r a b l e  l o c k .  N o t  m o r e  t h a n  t w o  p e r s o n s  
i n  t h e  e m p l o y  o f  t h e  p l a n t  o r  c r e a m e r y  s h o u l d  h a v e  k e y s  t o  t h e  
c o m p o s i t e  s a m p l e  c a b i n e t .  E a c h  p e r s o n  h a v i n g  a  k e y  m u s t  b e  
l i c e n s e d  t o  w e i g h ,  s a m p l e ,  a n d  t e s t  m i l k  a n d  c r e a m  ( F i g s .  1 1  
a n d  1 2 ) .  
A r r a n g e  s a m p l e  b o t t l e s  i n  a  v e r t i c a l  p o s i t i o n  i n  c a b i n e t  o r  
b o x  i n  o r d e r  a c c o r d i n g  t o  t h e  n u m b e r s  t h a t  i d e n t i f y  e a c h  p a t r o n ,  
o r  o n  o n e  o r  m o r e  t r a y s  t o  c o r r e s p o n d  t o  t h e  l o a d s  f r o m  d e l i v e r y  
t r u c k s .  D o  n o t  l e a v e  b o t t l e s  o u t s i d e  r e f r i g e r a t e d  c a b i n e t  f o r  m o r e  
t h a n  o n e  h o u r  e a c h  d a y  d u r i n g  s a m p l i n g  p e r i o d .  K e e p  s t o p p e r s  
t i g h t  i n  b o t t l e s  a t  a l l  t i m e s  d u r i n g  s t o r a g e .  
K e e p  c o m p o s i t e  s a m p l e s  f o r  5  d a y s  a f t e r  t h e  d a y  o n  w h i c h  
t h e  t e s t s  w e r e  c o m p l e t e d  a t  t h e  p l a n t  s o  t h a t  r e g u l a t o r y  o f f i c i a l s  
m a y ,  i f  t h e y  d e e m  i t  n e c e s s a r y ,  d e t e r m i n e  a c c u r a c y  o f  t e s t i n g .  
K e e p  b o t t l e s  t i g h t l y  s t o p p e r e d  a n d  r e f r i g e r a t e d  d u r i n g  t h i s  
5 - d a y  p e r i o d .  
M i l k  a n d  c r e a m  s a m p l e s  m u s t  b e  t e s t e d  f o r  m i l k  f a t  a t  t h e  
p l a n t  l a b o r a t o r y  w h e r e  t h e  m i l k  a n d  c r e a m  a r e  d e l i v e r e d  b y  t h e  
p a t r o n .  T h e  p r o p e r  r e g u l a t o r y  o f f i c i a l  m a y ,  h o w e v e r ,  g i v e  w r i t t e n  
p e r m i s s i o n  t o  r e m o v e  f r e s h  o r  p r e s e r v e d  c o m p o s i t e  s a m p l e s  o f  
m i l k  a n d  s w e e t  c r e a m  t o  a n o t h e r  l a b o r a t o r y  t o  b e  t e s t e d  f o r  
m i l k  f a t .  I f  b o t t l e s  a r e  t o  b e  m o v e d ,  p a c k  t h e m  w i t h  t h e i r  e n t i r e  
c o n t e n t s  i n  a  v e r t i c a l  p o s i t i o n  w i t h  c r a c k e d  i c e  o r  o t h e r  s u i t a b l e  
r e f r i g e r a n t .  T h e  b o x  o r  c a s e  m u s t  b e  s e a l e d  a n d  l o c k e d  b y  a  
p e r s o n  w h o  i s  l i c e n s e d  t o  s a m p l e  a n d  t e s t  m i l k  a n d  c r e a m .  
S a m p l e s  s h o u l d  b e  t r a n s p o r t e d  b y  a  r e s p o n s i b l e  c a r r i e r .  A r ­
r a n g e m e n t  s h o u l d  b e  m a d e  t o  h a v e  s a m p l e s  p r o m p t l y  r e c e i v e d  
a n d  t e s t e d  f o r  m i l k  f a t  b y  a  l i c e n s e d  . t e s t e r  w h o  h a s  a u t h o r i t y  t o  
b r e a k  t h e  s e a l .  S e a l s  o n  t h e  b o x e s  m a y  b e  b r o k e n  i n  t r a n s i t  b y  a n  
a u t h o r i z e d  o f f i c i a l  t o  d e t e r m i n e  t h e  f i t n e s s  o f  t h e  f r e s h  a n d  p r e ­
s e r v e d  m i l k  a n d  c r e a m  s a m p l e s  f o r  t e s t i n g .  T h e  o f f i c i a l  s h o u l d  
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reseal the boxes and indicate date and time of inspection with 
his signature on a securely attached tag. 
Preserved composite samples that show the growth of molds, 
evidence of churning, or other signs of improper care during the 
sampling period should never be used for testing. Instead, take 
approximately 150 ml. of a well-mixed sample of fresh milk from 
each patron whose composite sample is deenled unfit and use it 
as a basis for payment. 
Composite samples to be tested for nlilk fat must be tested 
not later than the third day after the end of the sampling period. 
Sampling Procedures a 
Composite milk samples. When a patron delivers a large 
quantity of milk, pour it directly into the weigh tank. If the 
pouring process does not Inix the milk enough, an authorized 
regulatory official should indicate procedures or the installation 
of equipment, or both, that will insure uniform mixing of the fat. 
Remove fronl the weigh tank not less than 10 ml. of milk and 
deliver it directly into a composite bottle that contains the proper 
amount of preservative (see page 34) . 
If weigh tank is not large enough to hold entire delivery of a 
patron, weigh milk in about equal portions, mix well, and take 
one pint of milk from each portion. Mix these portions together 
and transfer not less than a 10-ml. sample to composite bottle 
as previously directed. 
When a patron delivers one can or less of milk, sample the 
thoroly mixed milk directly by taking not less than 10 ml. for the 
composite sample. If milk is delivered in several small containers 
and there is not enough of it to be placed in weigh tank, pour 
contents of all containers into a can, stir thoroly, and sample as 
indicated above. 
a Some investigators22* have shown that pouring milk into the weigh t ank 
results in adequate mixing of t he milk fat. Others3• 29* have shown that variations 
occur at different points in t he weigh tank, but that these variations can be 
prevented by stirring the milk before taking a sample. 
Sampling from the weigh tank is sometimes complicat ed by the shape of the 
tank, t he fat content of milk, t he degree of creaming, t he t emperature of milk, 
and the season of the year. Manufacturers of dairy equipment could help solve 
this problem by constructing weigh tanks from which thoroly mixed samples of 
milk could be quickly obtained. 
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I f  m i l k  a n d  c r e a m  a r e  r e c e i v e d  i n  s a m e  w e i g h  t a n k ,  r i n s e  
c r e a m  o u t  t h o r o l y  w i t h  w a t e r  a n d  d r a i n  t a n k  w e l l  befor~ m i l k  
i s  a g a i n  w e i g h e d  a n d  s a m p l e d .  
R i n s e  s a m p l i n g  d i p p e r  i n  t h o r o l y  m i x e d  m i l k  b e f o r e  t a k i n g  
o u t  a  p o r t i o n  f o r  p r e s e r v e d  c o m p o s i t e  s a m p l e .  ( T h e  a c c u r a c y  o f  
t h e  d i p p e r  m e t h o d  o f  s a m p l i n g  d e p e n d s  o n  t w o  c o n d i t i o n s :  
( 1 )  a  f a i r  d e g r e e  o f  u n i f o r m i t y  i n  t h e  a m o u n t  o f  m i l k  d e l i v e r e d  
d a i l y  b y  e a c h  p a t r o n ;  a n d  ( 2 )  t h e  f a c t  t h a t  a n y  c h a n g e  i n  t h e  
f a t  p e r c e n t a g e  o f  m i l k  i s  g r a d u a l  o v e r  a n y  t e s t i n g  p e r i o d  e x c e p t  
t h e  d e c r e a s e  t h a t  o c c u r s  i n  e a r l y  s u m m e r .  I f  t h e  a m o u n t  o f  m i l k  
d e l i v e r e d  b y  a n y  p a t r o n  v a r i e s  g r e a t l y ,  t h e  l i c e n s e d  t e s t e r  o r  
l i c e n s e d  m a n a g e r  s h o u l d  f i n d  t h e  c a u s e . )  
T a k e  n o t  l e s s  t h a n  1 4 0  m l .  f r o m  e a c h  p a t r o n ' s  d e l i v e r i e s  d u r ­
i n g  t h e  s a m p l i n g  p e r i o d ,  i f  t h e  m i l k  i s  n o r m a l .  I n  t a k i n g  c o m ­
p o s i t e  s a m p l e s  u s e  t h e  s a m e  s a m p l i n g  d e v i c e  f o r  a l l  p a t r o n s  o f  
t h e  p l a n t .  
S a m p l i n g  a b n o r m a l  m i l k .  P r o v i d e  a  w a y  t o  t h a w  f r o z e n  o r  
p a r t l y  f r o z e n  m i l k  b e f o r e  s a m p l i n g  i t .  D o  n o t  s a m p l e  m i l k  t h a t  
i s  c u r d l e d ,  c h u r n e d ,  o r  p a r t l y  c h u r n e d .  G i v e  p r o m p t  w r i t t e n  
n o t i c e  t o  a n y  p a t r o n  w h o s e  m i l k  i s  d e l i v e r e d  t o  t h e  p l a n t  i n  c o n ­
d i t i o n  u n f i t  f o r  s a m p l i n g .  I n  t h e  n o t i c e  s t a t e  r e a s o n s  w h y  t h e  
m i l k  i s  j u d g e d  u n f i t  a n d  t e l l  p a t r o n  h o w  t o  p r e v e n t  t h e  t r o u b l e .  
R e c o r d  t h e  d a t e s  o f  s u c h  d e l i v e r i e s .  
F r e s h  s a m p l e s .  F r e s h ,  u n p r e s e r v e d  s a m p l e s  t a k e n  d a i l y  f r o m  
a  p a t r o n ' s  d e l i v e r i e s  c a n  b e  u s e d  i n s t e a d  o f  p r e s e r v e d  c o m p o s i t e  
s a m p l e s .  A  f r e s h  i n d i v i d u a l  s a m p l e  m u s t  b e  r e p r e s e n t a t i v e  o f  
a l l  t h e  m i x e d  m i l k  t a k e n  f r o m  a n  i n d i v i d u a l  a n i m a l  o r  h e r d  
d u r i n g  a  2 4 - h o u r  p e r i o d ,  a n d  s h a l l  c o n s i s t  o f  n o t  l e s s  t h a n  1 5 0  m l .  
o f  m i l k .  H o l d  s a m p l e  i n  a  p r o p e r l y  n u m b e r e d  c o n t a i n e r ,  u s i n g  
t h e  s a m e  k i n d  o f  c o n t a i n e r  a s  f o r  p r e s e r v e d  c o m p o s i t e  s a m p l e s .  
T e s t  f r e s h  s a m p l e s  w i t h i n  2 4  h o u r s ,  a n d  d u r i n g  t h i s  t i m e  h o l d  
t h e m  a t  3 5 °  t o  4 5 ° .  T h e  r e g u l a t o r y  o f f i c i a l  s h a l l  h a v e  a u t h o r i t y  
t o  o r d e r  t h a t  t h e  f r e s h  s a m p l e s  b e  h e l d  f o r  a  d e s i g n a t e d  p e r i o d  
a f t e r  t h e y  a r e  t e s t e d .  
D o  n o t  c o m b i n e  t w o  o r  m o r e  f r e s h  s a m p l e s  f r o m  a  p a t r o n ' s  
d e l i v e r i e s ,  w h e t h e r  s a m p l e s  a r e  p r e s e r v e d  o r  u n p r e s e r v e d ,  w h e n  
y o u  a r e  t e s t i n g  f o r  f a t .  
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When fat analyses of bottled milk from routes, stores, and 
other retail and wholesale outlets are desired, the untampered 
unit (half-pint, pint, quart, or two-quart) must be taken to the 
laboratory and mixed completely before sampling. If the unit is 
larger than two quarts, take only a pint sample from contents 
of the thoroly mixed unit and test it for fat. 
Cream. Use same general procedures for sampling cream as 
for sampling milk. Because of the viscous nature of cream, more 
care is needed to get a representative sample. If testing daily, 
take not less than 100 ml. of cream from each delivery. Drain 
cream that sticks to sampling device from previous delivery as 
completely as possible and rinse the sampling device in the lot 
of cream which is to be sampled. 
Preserved composite samples may be used for sweet cream. 
Such samples shall be handled in the manner prescribed for milk. 
Sour cream must be tested at time of delivery. 
Abnormal cream. When a producer's cream is partly 
churned, soured, or lumpy, stir it thoroly before sampling. Heat 
frozen cream to 95°-100° and take sample immediately after , 
melted fat has been evenly distributed. (Passing lumpy or sour 
cream thru a screen in an effort to get a more uniform sample 
will only make conditions worse.) 
Procedure for Testing Milk 
Preparing composite samples. Immerse composite samples 
in water bath to slightly above level of milk and heat to 95°­
100°. Maintain water bath at 105° and control temperature 
automatically if possible. To prevent loss of contents and to keep 
water from getting in, keep bottles closed at all times except 
when they are being prepared for sampling. 
If fat adheres to sides of bottle and to bottom of rubber 
stoppers, dislodge it with a wiping disk (Fig. 13) (a piece of 
flexible rubber about one inch wide attached to a rust resistant 
handle about 6 to 7 inches long). Scrape into warmed milk 
sample any fat that sticks to wiping disk. Do not use a brush 
because some of the fat may stick to the bristles. 
4 0  
C i r c u l a r  N o .  6 3 0  
D o  n o t  m i x  a  s a m p l e  b y  b l o w i n g  a i r  i n t o  i t  t h r u  p i p e t .  D i s ­
t r i b u t e  f a t  u n i f o r m l y  b y  p o u r i n g  m i l k  f r o m  o r i g i n a l  s~mple 
i n t o  m i x i n g  c o n t a i n e r  f o u r  t i m e s .  T o  k e e p  f r o m  m i x i n g  a i r  i n t o  
t h e  s a m p l e ,  p o u r  m i l k  a g a i n s t  s i d e s  o f  c o n t a i n e r .  T h i s  i s  e s p e ­
c i a l l y  i m p o r t a n t  w i t h  h o m o g e n i z e d  m i l k ,  w h i c h  f o a m s  m o r e  
r e a d i l y  t h a n  d o e s  u n h o m o g e n i z e d  m i l k .  
A  r u b b e r  w i p i n g  d i s k  i s  u s e d  t o  d i s l o d g e  f a t  t h a t  h a s  s t u c k  t o  t h e  s i d e s  o f  
t h e  b o t t l e  a n d  t h e  r u b b e r  s t o p p e r .  T h i s  f a t  m u s t  b e  s c r a p e d  i n t o  t h e  
w a r m e d  m i l k  b e f o r e  t h e  m i l k  i s  d r a w n  i n t o  t h e  p i p e t .  ( F i g .  1 3 )  
P i p e t  s a m p l e  i m m e d i a t e l y .  D r a i n  m i x i n g  c o n t a i n e r  b y  p l a c ­
i n g  i t  i n  a n  i n v e r t e d  p o s i t i o n  f o r  a t  l e a s t  1 5  s e c o n d s  b e f o r e  s t a r t ­
i n g  t o  p r e p a r e  n e x t  s a m p l e .  
P r e p a r i n g  f r e s h  s a m p l e s .  M i l k  f a t  i n  f r e s h  m i l k  i s  n o t  o r d i ­
n a r i l y  h a r d  t o  m i x  u n i f o r m l y .  U s e  s a m e  m e t h o d  a n d  t e m p e r a ­
t u r e  f o r  f r e s h  s a m p l e s  a s  f o r  c o m p o s i t e  s a m p l e s .  P i p e t  f r e s h  
s a m p l e s  a t  9 5 ° - 1 0 0 °  i n s t e a d  o f  a t  6 0 ° - 7 0 °  a s  s p e c i f i e d  b y  o f f i c i a l  
m e t h o d .
1  
*  T h i s  h i g h e r  s a m p l i n g  t e m p e r a t u r e  i s  j u s t i f i e d  b e c a u s e  
B a b c o c k  m e t h o d  y i e l d s  s l i g h t l y  h i g h e r  r e s u l t s  t h a n  M o j o n n i e r  
m e t h o d .  T h e  B a b c o c k  p i p e t  w i l l  d e l i v e r  s l i g h t l y  l e s s  m i l k  a t  
9 5 ° - 1 0 0 °  t h a n  a t  6 0 ° - 7 0 °  ( s e e  p a g e  3 9 )  .  
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Pipetting milk into test bottle. As soon as the sample is 
properly mixed, fill a 17.6-ml. pipet to above the mark on the 
draw tube. Do this slowly in order to prevent air bubbles. Place 
index finger on .draw tube and adjust upper surface 
of milk to graduated mark by increasing pressure. 
Hold pipet clear of milk in container while making 
this adjustment. 
To deliver charge, insert stem into neck of test 
bottle, as shown in Fig. 14. Note instructions given 
beside the picture. 
Before removing a charge to be placed in a test 
bottle, always rinse the pipet in the sample by 
drawing it full of milk and then draining it. Also 
be sure that every test bottle is marked on the 
etched portion with the patron's number, prefer­
ably in white figures. 
(J 
Correct way to drain milk from pipet into test bottle. Insert 
stem of pipet into neck of test bottle. Do not force milk out 
by blowing into pipet, but when active flow has ceased, allow 
milk to drain out as completely as it will for at least 10 sec­
onds and then blow last drops from tip into test bottle. 
When testing a large number of samples, two pipets can be 
used. (Fig. 14) 
Adding sulfuric acid. Have temperature of acid and milk at 
68°-70°. Vary anlount of acid to whatever extent is necessary to 
give fat columns that are clear and entirely free from dark 
particles and undigested milk. This will require 15-17 ml. of 
acid. Add acid with small dipper or graduated cylinder, never 
with pipet. If a large number of samples are tested, a buret 
(Fig. 7) or a bottle that delivers multiple charges is most con­
venient. As you add the acid, hold test bottle at an angle and 
turn it to rinse down any milk that may cling in the neck. 
As soon as acid is added, mix the contents. If only a few tests 
are to be made, gently rotate bottles for at least 3 minutes. If 
making a large number of tests, mix with a mechanical shaking 
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d e v i c e .  S e t  s h a k i n g  d e v i c e  i n  m o t i o n  b e f o r e  a d d i n g  a c i d .  W i t h  
t h i s  d e v i c e  y o u  n e e d  n o t  s h a k e  b o t t l e s  m o r e  t h a n  3  t o  5  m i n . u t e s .  
D o  n o t  s h a k e  b o t t l e s  u p  a n d  d o w n .  T o  d o  s o  m a y  c a u s e  u n ­
d i g e s t e d  p a r t i c l e s  o f  m i l k  t o  o b s t r u c t  n e c k  o f  b o t t l e ;  f u r t h e r m o r e ,  
t h e  r a p i d  c h e m i c a l  r e a c t i o n  p r o d u c e d  m a y  s p r a y  a c i d  o n  w o r k e r s  
a n d  l a b o r a t o r y  e q u i p m e n t .  I f  a n y  o f  t h e  c o n t e n t s  o f  a n y  t e s t  
b o t t l e  i s  l o s t  i n  t h i s  m a n n e r ,  r e p e a t  t h e  d e t e r m i n a t i o n .  
C e n t r i f u g i n g .  P l a c e  b o t t l e s  i m m e d i a t e l y  i n  c e n t r i f u g e .  B a l ­
a n c e  t h e m  e q u a l l y  a c r o s s  t h e  r e v o l v i n g  a x i s .  U s e  a n  e v e n  n u m b e r  
o f  b o t t l e s .  
I f  m a k i n g  a n  o d d  n u m b e r  o f  t e s t s ,  p r e p a r e  a n o t h e r  b o t t l e ,  s o  
t h a t  a n  e v e n  n u m b e r  c a n  b e  w h i r l e d  i n  t h e  c e n t r i f u g e .  I f  o n l y  
t w o  b o t t l e s  a r e  w h i r l e d ,  a n d  i f  t r u n n i o n  c u p s  a r e  a r r a n g e d  i n  
p a i r s ,  p l a c e  e a c h  b o t t l e  i n  o u t e r  c u p  o f  o p p o s i t e  p a i r s  t o  a v o i d  
a  s w i n g i n g  m o t i o n  t h a t  m a y  b r e a k  t h e  b o t t l e  n e c k s .  
W h i r l  b o t t l e s  f o r  5  m i n u t e s  a f t e r  m a c h i n e  h a s  r e a c h e d  f u l l  
s p e e d .  S t o p  m a c h i n e  a n d  a d d  w a t e r  a t  1 4 0 °  t o  a b o u t  1 4  i n c h  
b e l o w  b a s e  o f  n e c k .  
W h i r l  b o t t l e s  a g a i n  f o r  2  m i n u t e s  a f t e r  m a c h i n e  h a s  r e a c h e d  
f u l l  s p e e d ;  s t o p  a n d  a d d  e n o u g h  w a t e r  a t  1 4 0 °  t o  b r i n g  f a t  
c o l u m n  w i t h i n  g r a d u a t e d  n e c k .  D o  n o t  a l l o w  t i p  o f  w a t e r  d i s ­
p e n s e r  t o  t o u c h  f a t .  W h i r l  a g a i n  f o r  1  m i n u t e  t o  c o l l e c t  t h e  f a t  
i n  g r a d u a t e d  n e c k  o f  b o t t l e .  A p p l y  g r a d u a l  p r e s s u r e  t o  b r a k e  t o  
s t o p  w h e e l ,  a s  s u d d e n  s t o p p a g e  m a y  s p l a s h  s o m e  f a t  o u t  o f  
n e c k s  o f  t e s t  b o t t l e s .  
R e a d i n g  f a t  c o l u m n .  I m m e d i a t e l y  p l a c e  b o t t l e s  i n  a  w a t e r  
b a t h  a t  1 3 5 ° - 1 4 0 °  f o r  5  m i n u t e s ,  w i t h  w a t e r  l e v e l  s l i g h t l y  a b o v e  
t o p  p a r t  o f  f a t  c o l u m n .  F a t  c o l u m n s  s h o u l d  b e  t r a n s l u c e n t ,  c l e a r ,  
a n d  f r e e  o f  f o r e i g n  m a t e r i a l s .  
R e a d  t e s t s  i n  a  w e l l - l i g h t e d  r o o m .  B e f o r e  m a k i n g  r e a d i n g s ,  
r e m o v e  d r o p s  o f  w a t e r  t h a t  c l i n g  t o  b o t t l e  n e c k .  H o l d  b o t t l e s  
i n  a  v e r t i c a l  p o s i t i o n .  R e a d  t h e  f a t  c o l u m n  f r o m  i t s  l o w e s t  t o  i t s  
h i g h e s t  p o i n t  - t h i s  i n c l u d e s  m e n i s c u s  ( c u r v e d  s u r f a c e  a t  t o p  
o f  f a t  c o l u m n )  . 1 *  M e a s u r e  f a t  c o l u m n  q u i c k l y  w i t h  a p p r o v e d  
c a l i p e r s  ( F i g .  1 5 ) .  A f t e r  r e a d i n g  e a c h  b o t t l e ,  p l a c e  i t  a g a i n  i n  
b a t h  t o  m a i n t a i n  p r o p e r  w a t e r  l e v e l .  
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Read 
percellta~e 
Measuring the fat column. Use sharp-pointed calipers to read the fat column 
in the test bottle. Place lower pointer at extreme bottom of the fat column 
and upper pointer at upper edge of meniscus. Then using great care not to 
change the spread of the calipers, put lower pointer on zero mark. The 
upper pointer will then point to the fat percentage. Read to nearest tenth 
of 1 percent. (Fig. 15) 
Learn to read tests quickly and accurately. Slow reading may 
result in inaccurate tests because the fat column begins to move 
downward as soon as the bottle is taken out of the water bath. 
For most purposes, one single test on each fresh or composite 
sample is enough. Duplicate tests may be made on samples that 
are being checked for compliance with standards and on others 
if there is some official question as to the fat content. 
Record results. As each test is read, record fat percentage 
legibly after patron's number in a bound book. If test is of milk 
being processed, record percentage of fat as designated by the 
regulatory official. 
Retests. If the fat reading of a composite sample of a patron's 
milk varies .3 percent or more from that of the preceding period, 
repeat the test immediately. Record results of final test to 
nearest tenth of a percent. 
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M a k e  r e t e s t s  a l s o  i f  f a t  c o l u m n s  c o n t a i n  f o r e i g n  m a t e r i a l s ,  
o r  i f  t e s t  h a s  n o t  b e e n  p r o p e r l y  c o n d u c t e d .  
S u m m a r y  o f  p r o c e d u r e  f o r  t e s t i n g  m i l k  
1 .  	 H e a t  s a m p l e s  t o  9 5 ° - 1 0 0 ° .  M i x  b y  p o u r i n g  f r o m  o n e  c o n t a i n e r  
t o  a n o t h e r .  
2 .  	 U s e  a n  a c c u r a t e  1 7 . 6 - m l .  p i p e t  t o  m e a s u r e  c h a r g e  o f  m i l k  
i n t o  a n  a c c u r a t e  t e s t  b o t t l e .  C o o l  t o  6 8 ° - 7 0 ° .  
3 .  	 A d d  e n o u g h  s u l f u r i c  a c i d  a t  6 8 ° - 7 0 °  w i t h  s p e c i f i c  g r a v i t y  o f  
1 . 8 2 - 1 . 8 3  t o  g i v e  a  c l e a r  f a t  c o l u m n .  
4 .  	 M i x  a c i d  a n d  m i l k ,  p r e f e r a b l y  w i t h  a  m e c h a n i c a l  s h a k e r .  
s .  	 W h i r l  5  m i n u t e s .  
6 .  	 A d d  w a t e r  a t  1 3 5 ° - 1 4 0 °  t o  n e a r  b a s e  o f  n e c k .  
7 .  	 W h i r l  2  m i n u t e s .  
8 .  	 A d d  w a t e r  a t  1 3 5 ° - 1 4 0 °  t o  b r i n g  f a t  c o l u m n  w i t h i n  g r a d u a t e d  
n e c k  o f  b o t t l e .  
9 .  	 W h i r l  1  m i n u t e .  
1 0 .  	 P l a c e  b o t t l e s  i n  b a t h  w h i c h  i s  m a i n t a i n e d  a t  1 3 5 ° - 1 4 0 °  f o r  5  
m i n u t e s  w i t h  w a t e r  l e v e l  a t  8 - p e r c e n t  m a r k .  
1 1 .  	 R e m o v e  f r o m  b a t h ,  r e a d  i m m e d i a t e l y ,  a n d  r e c o r d  p e r c e n t  o f  
f a t .  
P r o c e d u r e  f o r  T e s t i n g  C r e a m  
P r e p a r i n g  s a m p l e .  P l a c e  s a m p l e  i n  w a t e r  b a t h  m a i n t a i n e d  
a t  1 0 5 °  a n d  h e a t  t o  9 5 ° - 1 0 0 ° .  K e e p  w a t e r  l e v e l  i n  b a t h  s l i g h t l y  
a b o v e  l e v e l  o f  c r e a m .  
B a l a n c i n g  s c a l e s .  C r e a m  s c a l e s  m a y  b e  e i t h e r  t o r s i o n  o r  
b e a m  t y p e .  H a v e  b o t t l e s  c l e a n  a n d  d r y  o n  i n s i d e  a n d  o u t s i d e  a n d  
n u m b e r e d  t h e  s a m e  a s  t h e  s a m p l e s  t h a t  a r e  w e i g h e d  i n t o  t h e m .  
P u t  b o t t l e s  i n  b o t t l e  h o l d e r s .  B a l a n c e  s c a l e  b y  a d j u s t i n g  a  
c o u n t e r w e i g h t  w h i c h  u s u a l l y  i s  l o c a t e d  o n  r i g h t - h a n d  s i d e  o r  
n e a r  t o p  c e n t e r .  L o c k  s c a l e  w h e n  b o t t l e s  a r e  r e m o v e d  o r  a d d e d  
o r  w h e n  s c a l e  i s  m o v e d  f r o m  o n e  l o c a t i o n  t o  a n o t h e r .  
M i x i n g  a n d  w e i g h i n g  s a m p l e s .  A s  c r e a m  i s  m o r e  v i s c o u s  
t h a n  m i l k ,  i t  h a s  t o  b e  m i x e d  l o n g e r  t o  d i s t r i b u t e  t h e  f a t  u n i ­
f o r m l y .  P o u r  s a m p l e s  f r o m  o n e  c o n t a i n e r  t o  a n o t h e r  a t  l e a s t  s i x  
t i m e s .  P l a c e  a  9 - o r  1 8 - g r a m  w e i g h t  o n  p a n  o n  r i g h t  s i d e .  W i t h  a  
p i p e t  a d d  m i x e d  c r e a n 1  t o  p r o p e r l y  n u m b e r e d  d r y  b o t t l e  o n  l e f t  
s i d e  t o  b a l a n c e  s c a l e s .  K e e p  s c a l e s  l o c k e d  u n t i l  m o s t  o f  s a m p l e  
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has been added. When it becomes necessary to add cream from 
pipet in drops, partly unlock scales to observe the balance 
pointer. Add cream until scales balance. (The reason for only 
partially unlocking the scale in first stages of weighing is to 
prevent either side of scale " from dropping suddenly, as this 
migh t damage the weighing mechanism.) 
In final stages of weighing each sample, unlock the scales 
completely to observe swinging position of pointer. If weighing 
is accurate, pointer, in one complete swing, should travel very 
nearly the same distance on each side of the zero point. 
At this point in the weighing process, one bottle on the left 
side has a 9-gram charge of cream. Lock scales and remove 
weight. Mix another sample and weigh 9 grams of cream into 
properly numbered bottle on right side and in same way as 
before. Two samples have now been weighed. Repeat weighing 
procedure to full capacity of scales. Follow same procedure when 
using an 18-gram sample. 
For transferring sample of cream to test bottle, use ordinarily 
a clean dry pipet. A single well-drained pipet is satisfactory if 
cream samples are in good condition and if their fat contents 
are within a range of 10 percent. If you use two different pipets, 
stand them in a vertical position to drain between successive 
weighings. If fat content of samples varies more than 10 percent, 
rinse pipet in water at 90°-100° between weighings and allow 
to drain for at least 15 to 20 seconds. Rinse pipet in sample of 
well-mixed cream before removing a portion of the cream to 
be weighed. 
Adding acid. Adjust cream in test bottle and the acid to 
about 68°-72°. Acid may be added by either one of two approved 
Inethods : 1* 
M ethod 1. Put 9 m!. of water at about 70° in each test bottle. 
Add 15.5 to 17 m!. of sulfuric acid, and shake contents promptly. 
M ethod 2. Add 8-12 m!. of sulfuric acid for 9 grams of cream, 
and 14-17 m!. of sulfuric acid for 18 grams of cream. A good rule 
to follow with this method is to add enough acid to give the mix­
ture a chocolate-brown color and then add water at 135°-140°, 
using "4 to 5 m!. for the 9-gram sample and 8 to 10 m!. for the 
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1 8 - g r a m  s a m p l e .  T h e  w a t e r  a d d e d  s l o w s  t h e  a c t i o n  o f  t h e  a c i d .  
W h i l e  a d d i n g  a c i d  a n d  w a t e r ,  t i l t  a n d  t u r n  t h e  b o t t l e s  t o  r e l e a s e  
c r e a m  w h i c h  c l i n g s  t o  t h e  n e c k .  P r o m p t l y  s h a k e  b o t t l e s ,  p r e f e r ­
a b l y  w i t h  a  m e c h a n i c a l  s h a k e r .  
C e n t r i f u g i n g .  P r o c e e d  a s  f o r  m i l k  ( s e e  p a g e  4 2 ) .  
R e a d i n g  f a t  c o l u m n .  P u t  t e s t  b o t t l e s  i n  w a t e r  b a t h  a t  1 3 5 ° ­
1 4 0 °  f o r  5  m i n u t e s  w i t h  w a t e r  l e v e l  s l i g h t l y  a b o v e  u p p e r m o s t  
p a r t  o f  f a t  c o l u m n .  B e f o r e  r e m o v i n g  b o t t l e s  f r o m  b a t h ,  a d d  t o  
e a c h  3  t o  4  d r o p s  o f  g l y m o l  o r  a n y  o t h e r  a p p r o v e d  m e n i s c u s  
r e m o v e r ,  a n d  a l l o w  i t  t o  f l o w  g e n t l y  d o w n  i n s i d e  w a l l  o f  t e s t  
b o t t l e .  ( D o  n o t  a d d  m e n i s c u s  r e m o v e r  t o  m o r e  t h a n  t w o  b o t t l e s  
i n  b a t h  b e f o r e  r e a d i n g  t h e m  b e c a u s e  i t  g r a d u a l l y  m i x e s  w i t h  f a t  
a n d  b l u r s  s e p a r a t i o n  l i n e  a t  t o p  o f  f a t  c o l u m n . )  
R e m o v e  e a c h  t e s t  b o t t l e  f r o m  w a t e r  b a t h ,  h o l d  i t  i n  a  v e r t i c a l  
p o s i t i o n ,  a n d  m e a s u r e  f a t  c o l u m n  f r o m  i t s  l o w e s t  p o i n t  t o  t h e  
l i n e  w h i c h  s e p a r a t e s  t h e  f a t  f r o m  t h e  m e n i s c u s  r e m o v e r .  A f t e r  
r e a d i n g  e a c h  b o t t l e ,  p u t  i t  b a c k  i n  b a t h  t o  m a i n t a i n  l e v e l  
o f  w a t e r .  
R e c o r d  r e s u l t s .  A s  y o u  r e a d  e a c h  t e s t ,  r e c o r d  f a t  p e r c e n t a g e  
a f t e r  p a t r o n ' s  n u m b e r  i n  a  p e r m a n e n t l y  b o u n d  b o o k .  W r i t e  
c l e a r l y .  I f  t e s t  i s  o f  c r e a m  t h a t  i s  b e i n g  p r o c e s s e d ,  r e c o r d  f a t  
p e r c e n t a g e  i n  w h a t e v e r  w a y  h a s  b e e n  d e s i g n a t e d  b y  t h e  p r o p e r  
r e g u l a t o r y  o f f i c i a l .  
R e t e s t s .  M a k e  r e t e s t s  i f  f a t  c o l u m n s  c o n t a i n  f o r e i g n  m a t e ­
r i a l s ,  o r  i f  a n y  p a r t  o f  t e s t  h a s  n o t  b e e n  c a r r i e d  o u t  p r o p e r l y .  
S u m m a r y  o f  p r o c e d u r e  f o r  t e s t i n g  c r e a m  
1 .  	 H e a t  s a m p l e s  t o  9 5 ° - 1 0 0 °  i n  w a t e r  b a t h  m a i n t a i n e d  a t  1 0 5 ° .  
2 .  	 P l a c e  b o t t l e s ,  p r o p e r l y  n u m b e r e d ,  i n  h o l d e r s  a n d  b a l a n c e  s c a l e .  
3 .  	 M i x  s a m p l e s  a n d  w e i g h  t h e m  a c c u r a t e l y  i n t o  t e s t  b o t t l e s .  
4 .  	 A d d  a c i d  b y  o n e  o f  t w o  a p p r o v e d  m e t h o d s .  
5 .  	 P r o m p t l y  a g i t a t e  b o t t l e s ,  p r e f e r a b l y  w i t h  a  m e c h a n i c a l  s h a k e r .  
6 .  	 U s e  c e n t r i f u g e  t o  c o m p l e t e  s t e p s  i n  w h i r l i n g ,  a d d  w a t e r  b e t w e e n  
w h i r l i n g s ,  a n d  p l a c e  b o t t l e s  i n  w a t e r  b a t h  i n  s a m e  w a y  a s  f o r  
m i l k .  
7 .  	 B e f o r e  r e m o v i n g  e a c h  b o t t l e  f r o m  b a t h ,  a d d  m e n i s c u s  r e m o v e r  
a n d  r e a d  f a t  d i r e c t  i n  p e r c e n t .  
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Appearance of Fat Column 
The fat column of the Babcock test for milk and cream 
should be translucent (let some light thru), golden-yellow, and 
free from suspended particle~.l* When a column does not meet 
this standard, a tester should recognize the defect, know what 
caused it and how to correct it. These are the most common 
defects, and they are due to one or more of the causes listed: 
Foam on top of column 
Commonly due to carbonates in the water that was added when 
the sample was being centrifuged. Purer water is needed. 
Discolored or dark particles in column 
1. 	Too much acid. 
2. 	 Acid is too strong. 
3. 	Milk or acid, or both, are too warm. 
4. Sample was 	not mixed enough or mixing was delayed too 
long after acid was added. 
Light-colored and white particles of fat in column 
1. 	Acid is too weak. 
2. 	Too little acid. 
3. 	Milk or acid, or both, are too cold. 
4. 	 Acid and milk not thoroly enough mixed. 
The fat columns of the modified Babcock tests should also 
be translucent and free from visible foreign materials. 
Questions Concerning the Babcock Test 
Why does milk pipet deliver 18 grams? The average spe­
cific gravity of fresh milk is about 1.032 when the temperature 
of the milk is 60° to 70° F . In this temperature range a 17.6-ml. 
pipet will deliver about 17.44 ml. of milk, as about .16 ml. clings 
to the inside of the pipet after the last drops are blown out. 
Therefore, the weight of milk delivered by the pipet is close to 
18 grams (1.032 X 17.44 = 17.998 grams) . 
In some states preserved composite milk is sampled at 95° 
to 100° F. At this temperature range the 17.6-ml. pipet will de­
liver an average of 17.9114* grams of milk. This temperature of 
pipetting is preferable for both fresh and preserved composite 
milk samples because it results in closer agreement between the 
Babcock and Mojonnier methods. 
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W h y  i s  c r e a m  w e i g h e d  i n t o  t e s t  b o t t l e ?  T h e r e  a r e  t h r e e  
r e a s o n s  w h y  c r e a m  m u s t  b e  w e i g h e d  a n d  n o t  m e a s u r e d  i n t o  t h e  
t e s t  b o t t l e s :  ( 1 )  C r e a m  v a r i e s  i n  w e i g h t  w i t h  i t s  f a t  c o n t e n t .  
A s  t h e  f a t  c o n t e n t  i n c r e a s e s ,  a  g i v e n  v < ? l u m e  w e i g h s  l e s s .  F o r  
e x a m p l e ,  a  p i p e t  ' f u l l  o f  4 0 - p e r c e n t  c r e a m  w e i g h s  l e s s  t h a n  t h e  
s a m e  v o l u m e  o f  2 0 - p e r c e n t  c r e a m .  ( 2 )  T h e  v i s c o s i t y  o f  c r e a m  
i n c r e a s e s  w i t h  i t s  f a t  c o n t e n t .  T h i s  m e a n s  t h a t  m o r e  4 0 - p e r c e n t  
c r e a m  t h a n  2 0 - p e r c e n t  c r e a m  w i l l  s t a y  i n  t h e  p i p e t .  ( 3 )  B e c a u s e  
t h e  v i s c o s i t y  o f  c r e a m  f l u c t u a t e s ,  c r e a m  w i l l  c o n t a i n  v a r y i n g  
a m o u n t s  o f  a i r .  T h e  m o r e  a i r ,  t h e  l e s s  a  g i v e n  v o l u m e  o f  c r e a m  
w i l l  w e i g h .  
W h a t  o t h e r  p r e c a u t i o n s  a r e  n e e d e d  i n  t e s t i n g  c r e a m ?  S e e  
t h a t  t h e  s a m p l e  i s  w e l l  m i x e d .  B e  s u r e  t h e  s c a l e s  a r e  a c c u r a t e  
a n d  p r o t e c t e d  f r o m  d r a f t s .  H a v e  t h e  t e s t  b o t t l e s  c l e a n  a n d  d r y .  
W e i g h  t h e  s a m p l e s  a t  r o o m  t e m p e r a t u r e ,  p r e f e r a b l y  a b o u t  
7 0 ° - 7 2 ° .  
W h y  c a n  f a t  i n  t e s t  b o t t l e  b e  r e a d  d i r e c t  i n  p e r c e n t  b y  
w e i g h t ?  T e s t e r s  o f t e n  a s k  w h y  t h e  B a b c o c k  t e s t  b o t t l e  i s  r e a d  
b y  v o l u m e  a n d  t h e  f a t  c o n t e n t  i s  r e p o r t e d  i n  p e r c e n t  b y  w e i g h t .  
T o  u n d e r s t a n d  w h y  t h i s  c a n  b e  d o n e ,  w e  n e e d  t o  c o n s i d e r  t h e  
s p e c i f i c  g r a v i t y  o f  t h e  f a t  a n d  t h e  v o l u m e  c a p a c i t y  o f  t h e  g r a d u ­
a t e d  p o r t i o n  o f  t h e  b o t t l e  n e c k .  W e  m a y  a s s u m e  t h a t  w e  a r e  
u s i n g  a  t e s t  b o t t l e  t h a t  i s  d e s i g n e d  t o  t a k e  1 8  g r a m s  o f  m i l k ,  a n d  
t h a t  t h i s  a m o u n t  o f  m i l k  h a s  b e e n  p l a c e d  i n  i t .  T h e  n e c k  o f  
t h e  b o t t l e  h a s  b e e n  s o  m a r k e d  o f f  t h a t  e a c h  m a j o r  d i v i s i o n  w i l l  
h o l d  . 2  m l .  o f  f a t .  T h e  s p e c i f i c  g r a v i t y  o f  t h e  f a t  w h e n  t h e  t e s t  i s  
b e i n g  r e a d  a t  1 3 5 °  - 1 4 0 °  i s  a p p r o x i m a t e l y  . 9 .  S i n c e  t h e  s p e c i f i c  
g r a v i t y  o f  t h e  f a t  i s  . 9 ,  e a c h  . 2  m l .  w e i g h s  . 1 8  g r a m  ( . 2  m l .  X  . 9  
=  . 1 8 ) .  S i n c e  . 1 8  g r a m  i s  ' i i o o  o f  1 8  g r a m s ,  e a c h  m a j o r  d i v i s i o n  
m e a s u r e s  1  p e r c e n t  o f  t h e  w e i g h t  o f  t h e  m i l k  i n  t h e  t e s t  b o t t l e .  
B y  t h e  s a m e  r e a s o n i n g ,  e a c h  . 0 2 - m l .  d i v i s i o n  o n  t h e  n e c k  o f  t h e  
b o t t l e  m e a s u r e s  ' i i o  o f  1  p e r c e n t  o f  f a t  b y  w e i g h t .  
W h y  i s  n e c k  o f  b o t t l e  m a r k e d  t o  t a k e  8  p e r c e n t  o f  f a t  
w h e n  m i l k  d o e s  n o t  o f t e n  c o n t a i n  . t h i s  a m o u n t ?  T h i s  i s  d o n e  
s o  t h e r e  w i l l  b e  n o  d a n g e r  o f  t h e  c o n t e n t s  o v e r f l o w i n g  w h e n  t h e  
w a t e r  i s  a d d e d .  T h e  f u l l  c a p a c i t y  o f  t h e  n e c k  s h o u l d  n e v e r  b e  
c o u n t e d  o n ,  f o r  i t  i s  d i f f i c u l t  t o  s t a n d a r d i z e  c o n d i t i o n s  s o  t h a t  a l l  
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the fat can be collected within the calibrated neck at the time of 
reading. The same is true of cream and skimmilk test bottles. 
What is purpose of sulfuric acid? Sulfuric acid hydrolyzes 
the solids-not-fat and destroys the emulsion. The heat generated 
in this process liquefies the fat so that it can be easily separated 
from the acid solution. The sulfuric acid also increases the 
difference between the specific gravity of the fat and the rest of 
the solution, so that the fat will collect more quickly in the neck 
of the bottle when centrifugal force is applied. 
Why add hot water between whirlings? The hot water 
keeps the fat in a liquid condition, washes it of impurities, and 
forces it into the graduated neck of the bottle. It also serves as a 
clear liquid onto which the fat can set apart from the dark 
dissolved materials in the bulb of the bottle. 
Why is temperature of bath important? It is important 
because the bottles are calibrated direct in percent at 135°-140°. 
Extreme fluctuations in temperature of water bath will cause 
errors in the fat reading. The fat in the column has an expansion 
coefficient of .0007558.18* A difference of 36° F. (20° C.) in the 
fat column would make a difference of .06 percent in the fat 
reading of milk that contains 4 percent of fat. This is illustrated 
in the following calculation: 
.8 ml. = volume in bottle neck occupied by fat from 4­
percent milk 
.0007558 ml. = expansion coefficient per ml. of fat for each 
degree 	Centigrade 
20° C. = assumed difference in temperature 
1.6 ml. = capacity of neck of test bottle 

8 percent = total graduation on neck of bottle 

.0007558 X .8 X 20 	= .01209 ml. fat 
.01209 
--- X 8 = .06 percent.
1.6 
Why is meniscus included in reading of Babcock te~t for 
milk? The meniscus is included for the milk test because some 
fat remains in the bulb of the bottle and is not forced into the 
fat column.2 , 10* The Babcock method, however, gives a higher 
test for milk than does the Mojonnier method. 
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The meniscus was specified to be removed before reading the
Babcock test for cream so that the results would agree . more
closely with those obtained by the official method. Nevertheless
the Babcock method gives slightly higher average results on
cream than does the Mojonnier method.15* 
Should tests made by milk plant and by dairy herd im­
provement association testers agree? These tests may not
always agree for these reasons: (1) The number of tests over
a given period are not always the same. The farmer 's milk is
usually tested weekly or semimonthly at the creamery; while
in the dairy herd improvement association, samples of the com­
posite milk from two consecutive milkings may be tested monthly
or even every two months. (2 ) The dairy herd improvement
association test is of only one day's production, and so would be
subject to the fluctuations that occur from day to day in both
fat percentage and yield of milk. The creamery test is made of a
composite sample from the deliveries of one to two weeks, and
so may be higher or lower than the test of anyone day's delivery
during this period. (3 ) Milk plants usually are required to have
modern laboratories where it is possible to do precise work. Dairy
herd improvement association testers do not always have the best
equipment. For example they are likely not to have heated cen­
trifuges, as do milk plants using official methods.1 * Higher results
are obtained with heated centrifuges.
If both the milk plant and association testers worked under
the same conditions and both used standard procedures, their
results would probably agree closely. 
What may cause a faulty Babcock test of milk?
1. Improper preparation and mixing of the sample
2. Inaccurate sampling 
3. Charred fat columns 
4. Curdy fat columns
5. Using water with a high mineral content
6 . Not enough centrifuging
7. Extreme fluctuations in temperature of water bath
8. Inaccurate reading of the test 
51 Testing Milk and Milk Products 
MODIFIED BABCOCK PROCEDURES FOR 

OTHER MILK PRODUCTS 

The regular Babcock method gives reliable results with milk 
and cream but not with most" other milk products. The sulfuric 
acid used in the test acts on the sugar in chocolate milk, sweet­
ened condensed milk, and ice cream and causes the fat column 
to be so dark that it cannot be read accurately. We do not know 
why the regular Babcock method fails to give an accurate test 
with evaporated milk, homogenized milk, skimmilk, and butter­
milk. The difficulty may be associated with the phospholipids 
and with the fat emulsion. 
An accurate fat test is essential for homogenized milk, choco­
late milk, evaporated milk, sweetened condensed milk, and ice 
cream, because these products must conform to specified fat 
standards. It is essential for skimmilk, buttermilk, and whey in 
order that the efficiency of skimming, of butter making, and of 
cheese making can be determined. 
The modified Babcock methods are useful because they em­
ploy the Babcock test equipment and results can be obtained 
quickly. 
Homogenized Milk 
Several modifications of the Babcock method give satis­
factory results with homogenized milk. The essential difference 
from the regular Babcock method is in the way the acid is added. 
In the modified methods the acid is added in three different 
portions and the bottles are agitated after each addition of 
acid. The method given here is that described by Lucas and 
Trout.21a*, 30* 
Preparing samples, pipetting. Proceed as for whole milk, 
being careful not to mix air into sample.6 * 
Adding acid. Have acid and milk at 70°. Add a total of 
17.5 m!. of sulfuric acid with a specific gravity of 1.82-1.83. Add 
this acid in three different portions: 8, 5, and 4.5 m!. respectively. 
Shake bottles with a rotary motion each time after adding the 
acid and for at least 15 seconds before adding the second and 
third"portions of acid; then shake bottles for 2 to 3 minutes ina 
mechanical shaker. 
5 2  
C i r c u l a r  N o .  6 3 0  
C e n t r i f u g i n g .  W h i r l  b o t t l e s  f o r  5  m i n u t e s .  A d d  w a t e r  a t  
1 3 5 ° - 1 4 0 °  t o  a b o u t  1 ; 4  i n c h  b e l o w  b a s e  o f  n e c k .  S h a k e  b o t t l e s  
5  t o  1 0  s e c o n d s .  T h e n  p r o c e e d  a s  f o r  r e g u l a r  B a b c o c k  m e t h o d  
( s e e  p a g e  4 2 ) .  
T h e r e  i s  a n o t h e r  m o d i f i c a t i o n  o f  t h e  B a b c o c k  t e s t  w h i c h  h a s  
g i v e n  s a t i s f a c t o r y  r e s u l t s  w i t h  h o m o g e n i z e d  m i l k .  I t  d i f f e r s  f r o m  
t h e  m o d i f i c a t i o n  d e s c r i b e d  a b o v e  o n l y  i n  t h e  w a y  t h e  a c i d  i s  
a d d e d .  
A d d i n g  a c i d .  H a v e  a c i d  a n d  m i l k  a t  7 0 ° .  A d d  a c i d  t o  t e s t  
b o t t l e  i n  t w o  d i f f e r e n t  p o r t i o n s  o f  8 . 5  m l .  e a c h .  A s  f i r s t  p o r t i o n  o f  
a c i d  i s  a d d e d ,  p l a c e  e a c h  b o t t l e  o n  t h e  s h a k i n g  d e v i c e ,  w h i c h  i s  
i n  m o t i o n  ( F i g .  4 ) .  W h e n  f i r s t  p o r t i o n  o f  a c i d  h a s  b e e n  a d d e d  
t o  t h e  l a s t  b o t t l e ,  a d d  s e c o n d  p o r t i o n  o f  a c i d  t o  t h e  b o t t l e s  i n  
t h e  s a m e  o r d e r  a s  t h e  f i r s t  p o r t i o n ,  w i t h  t h e  s h a k i n g  d e v i c e  i n  
m o t i o n .  
C h o c o l a t e  M i l k  
T h e  P e n n s y l v a n i a  m e t h o d
2 5  
*  i s  u s e d  f o r  t e s t i n g  c h o c o l a t e  
m i l k .  T h e  c h e m i c a l s  n e e d e d  a r e  a m m o n i u m  h y d r o x i d e ,  c o n t a i n ­
i n g  2 8 - 2 9  p e r c e n t  a m m o n i a ;  n o r m a l  b u t y l  a l c o h o l  w i t h  a  b o i l i n g  
p o i n t  o f  2 4 2 . 6  ( 1 1 7
0  
C . )  ;  a n d  s u l f u r i c  a c i d  w i t h  a  s p e c i f i c  g r a v i t y  
o f  1 . 7 2 - 1 . 7 4 .  T o  p r e p a r e  t h e  a c i d ,  a d d  3
1
/  
2  
p a r t s  ( b y  v o l u m e )  o f  
c o m m e r c i a l  s u l f u r i c  a c i d  ( w i t h  a  s p e c i f i c  g r a v i t y  o f  1 . 8 2 - 1 . 8 3 )  
t o  1  p a r t  o f  w a t e r .  ( C a u t i o n :  O n l y  a  p e r s o n  w h o  h a s  h a d  t h e  
r e q u i r e d  t r a i n i n g  i n  c h e m i s t r y  s h o u l d  m a k e  t h i s  m i x t u r e . )  
P r e p a r i n g  s a m p l e s ,  p i p e t t i n g .  P r o c e e d  a s  f o r  w h o l e  m i l k .  
A d d i n g  r e a g e n t s .  A d d  2  m l .  o f  a m m o n i u m  h y d r o x i d e  f r o m  
a  b u r e t  a n d  m i x  f o r  a b o u t  1 1 2  m i n u t e .  A d d  3  m l .  o f  n o r m a l  b u t y l  
a l c o h o l  f r o m  a  b u r e t  a n d  m i x  f o r  2  m i n u t e s .  A d d  1 7 . 5  m l .  o f  s u l ­
f u r i c  a c i d  w i t h  s p e c i f i c  g r a v i t y  o f  1 . 7 2 - 1 . 7 4  a n d  s h a k e  u n t i l  
d i g e s t i o n  i s  c o m p l e t e ,  a s  i n d i c a t e d  b y  a  d a r k  c o l o r .  
C e n t r i f u g i n g .  P r o c e e d  a s  f o r  w h o l e  m i l k .  
R e a d i n g  f a t  c o l u m n .  P u t  b o t t l e s  i n  a  w a t e r  b a t h  a s  f o r  B a b ­
c o c k  p r o c e d u r e .  I m m e d i a t e l y  b e f o r e  r e a d i n g  e a c h  t e s t ,  a d d  2  t o  
3  d r o p s  o f  m e n i s c u s  r e m o v e r  ( g l y m o l )  ,  a l l o w i n g  i t  t o  f l o w  d o w n  
53 Testing Milk and Milk Products 
inside the neck. With calipers, measure fat column from its 
lowest point to line between glymol and fat. Record results. 
Evaporated Milk 
The various tests for evaporated milk have been investigated 
by a committee of the American Dairy Science Association. The 
committee recomlnends both the Pennsylvania method25* and the 
Minnesota method. 27* Both methods give results that agree 
closely with the Mojonnier method. 
Pennsylvania method. Preparing and sampling. Heat san1ple 
to 95°-100° and mix by pouring it 6 times from one container 
to another. Weigh 6 grams into either an 8-percent n1ilk test 
bottle or into a 20-percent ice-cream test bottle. 
Procedure. Proceed as for chocolate milk (page 52). Multi­
ply fat reading by 3 when using milk test bottle and by 1Y2 
when using ice-cream test bottle. 
Minnesota method/ * Preparing and sampling. Heat sample 
to 95°-100° and mix by pouring it 6 times from one container to 
another. Weigh 9 grams of sample into a 20-percent ice-cream 
test bottle. 
Adding reagent. An alkaline reagent, instead of sulfuric acid, 
is used to dissolve the solids-not-fat and release the fat. This 
reagent consists of sodium carbonate, sodium salicylate, sodium 
hydroxide, and alcohol. Add 15 ml. of reagent to each test bottle. 
Shake for 1f2 minute. 
H eating. Unlike sulfuric acid, the alkaline reagent does not 
produce heat when added to milk products. The test bottles must 
therefore be placed in hot water to dissolve the solids-not-fat. 
Put bottles in a rack at least Y2 inch above bottom of water bath 
at 212° and hold them at this temperature 12 to 15 minutes. 
Shaking. Shake test bottles vigorously when at least half the 
contents have turned dark brown. This color will appear within 
21f2 minutes. After about 1 minute shake bottles again. Be sure 
to do this carefully, as otherwise the contents may boil thru 
neck of bottle and ruin test. 
5 4  C i r c u l a r  N o .  6 3 0  
C e n t r i f u g i n g .  P l a c e  b o t t l e s  i n  c e n t r i f u g e  a n d  w h i r l  t h e m  1 1 2  
m i n u t e .  A d d  w a t e r  a t  1 3 5 ° - 1 4 0 °  t o  r a i s e  f a t  i n t o  g r a d u a t e d  n e c k  
o f  b o t t l e .  W h i r l  b o t t l e s  1 f 2  m i n u t e .  
R e a d i n g  f a t  c o l u m n .  P l a c e  b o t t l e s  i n  a  w a t e r  b a t h  a t  1 3 5 ° ­
1 4 0 °  f o r  5  m i n u t e s  w i t h  w a t e r  s l i g h t l y  a b o v e  l e v e l  o f  f a t  c o l u m n s .  
B e f o r e  r e m o v i n g  e a c h  b o t t l e ,  a d d  t o  i t  2  t o  3  d r o p s  o f  m e n i s c u s  
r e m o v e r  ( g l y m o l )  a l l o w i n g  i t  t o  f l o w  d o w n  i n s i d e  t h e  n e c k .  
M e a s u r e  f a t  c o l u m n  w i t h  c a l i p e r s  f r o m  i t s  l o w e s t  p o i n t  t o  f a t ­
g l y m o l  l i n e .  R e c o r d  r e s u l t s .  
S w e e t e n e d  C o n d e n s e d  M i l k  
A  c o m n l i t t e e  o f  t h e  A m e r i c a n  D a i r y  S c i e n c e  A s s o c i a t i o n
4
*  h a s  
r e c o n l m e n d e d  t h e  M i n n e s o t a  a n d  P e n n s y l v a n i a  m e t h o d s  f o r  
t e s t i n g  t h i s  p r o d u c t .  T h e  r e s u l t s  a g r e e  c l o s e l y  w i t h  t h o s e  o b t a i n e d  
b y  t h e  M o j o n n i e r  m e t h o d .  
P r e p a r i n g  a n d  s a m p l i n g  ( b o t h  m e t h o d s > .  T h e  a d d e d  s u g a r  
m a k e s  s w e e t e n e d  c o n d e n s e d  m i l k  v e r y  v i s c o u s .  W a t e r  i s  a d d e d  
t o  t h e  c o n d e n s e d  m i l k  s o  t h a t  i t  w i l l  b e  e a s i e r  t o  m i x  a n d  w e i g h  
i t  i n t o  t h e  t e s t  b o t t l e s .  
T o  a d d  w a t e r ,  b a l a n c e  o n e  b e a k e r  o n  e a c h  p a n  o f  a  c r e a m  
s c a l e  o r  o n  a n y  o t h e r  s c a l e  t h a t  i s  e q u a l l y  s e n s i t i v e .  V e r y  c a r e ­
f u l l y  w e i g h  a b o u t  1 0 0  g r a m s  o f  s w e e t e n e d  c o n d e n s e d  m i l k  i n t o  
o n e  b e a k e r  a n d  e n o u g h  d i s t i l l e d  w a t e r  i n t o  t h e  o t h e r  b e a k e r  t o  
b a l a n c e  t h e  s c a l e s .  M i x  c o n t e n t s  o f  b e a k e r s  w e l l  a n d  p l a c e  i n  a  
s t o p p e r e d  f l a s k .  
P r o c e d u r e  f o r  M i n n e s o t a  m e t h o d .  W e i g h  9  g r a m s  o f  p r e ­
p a r e d  s a m p l e  i n t o  e i t h e r  a  2 0 - p e r c e n t  i c e - c r e a m  t e s t  b o t t l e  o r  
a n  8 - p e r c e n t  m i l k  t e s t  b o t t l e .  P r o c e e d  w i t h  t e s t  a s  o u t l i n e d  o n  
p a g e  5 3 .  M u l t i p l y  f a t  r e a d i n g  b y  2  w h e n  u s i n g  i c e - c r e a m  t e s t  
b o t t l e  a n d  b y  4  w h e n  u s i n g  m i l k  t e s t  b o t t l e .  
P r o c e d u r e  f o r  P e n n s y l v a n i a  m e t h o d .  W e i g h  9  g r a m s  o f  
p r e p a r e d  s a m p l e  i n t o  e i t h e r  a  2 0 - p e r c e n t  i c e - c r e a m  b o t t l e  o r  8 ­
p e r c e n t  m i l k  t e s t  b o t t l e .  P r o c e e d  w i t h  t e s t  a s  o u t l i n e d  o n  p a g e  
5 2 .  M u l t i p l y  r e s u l t s  w i t h  t h e  i c e - c r e a m  t e s t  b o t t l e  b y  2  a n d  w i t h  
t h e  m i l k  t e s t  b o t t l e  b y  4 .  
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Skimmilk 
A separator in good mechanical condition will produce skim­
milk with a fat content of about .06-.08 percent as indicated by 
the Mojonnier method.15 * Tbe plant operator should make fat 
determinations on skimmilk daily in order to check the skimming 
efficiency of the plant. Farmers will find it worth while to have 
their separators checked at regular intervals by dairy herd im­
provement association testers or creamery testers, or by any 
laboratory capable of rendering this service; otherwise they may 
lose a lot of fat over long periods without realizing it. 
Sampling. To observe the efficiency of skimming over a 
period of time, take sample of skimmilk direct from the separator 
in the plant at regular intervals, at least every 30 minutes. Take 
not less than 75 ml. of skimmilk and place in a composite bottle 
that can be tightly stoppered. Hold sample at 35°-40° and test 
within 24 hours. 
American Association test. This method is recommended 
for skimmilk by a committee of the American Dairy Science 
Association.12* The chemicals used in this test are normal butyl 
alcohol with a boiling point of 242.6° (117° C.) and sulfuric 
acid with a specific gravity of 1.82-1.83. Following are the steps 
in making this test: 
1. 	Add 2 ml. of normal butyl alcohol from a buret to each test 
bottle. Do not add alcohol with a pipet. 
2. 	Heat sample to 95°-100° and mix by pouring from one con­
tainer to another at least 4 times. 
3. 	Add 9 grams of sample to test bottle and mix contents well. 
4. 	Add 7 to 9 ml. of sulfuric acid and mix contents well. 
5. 	Whirl 6 minutes with test bottles arranged in centrifuge with 
graduated necks toward outside, and add water at 135°-140° to 
base of bottle neck. 
6. 	Whirl 2 minutes and add water at 135°-140° to bring fat into 
neck of bottle. 
7. 	Whirl 2 minutes and place bottles in a water bath at 135°-140° 
for 5 minutes. 
8. 	Multiply actual reading by 2 because only half the capacity of 
bottle was utilized. 
5 6  	
C i r c u l a r  N o .  6 3 0  
B u t t e r m i l k  
T h e  f a t  c o n t e n t  o f  b u t t e r m i l k  i s  a f f e c t e d  b y  t h e  s e a s o n  o f  t h e  
y e a r ,  t h e  f a t  c o n t e n t  o f  t h e  c r e a m ,  t e m p e r a t u r e  o f  p a s t e u r i z a t i o n ,  
t i m e  a n d  t e m p e r a t u r e  o f  c o o l i n g  c r e a m  b e f o r e  c h u r n i n g ,  a c i d i t y ,  
a n d  c h u r n i n g  t e m p e r a t u r e .  A  c e r t a i n  a m o u n t  o f  f a t  i s  a l w a y s  
f o u n d  i n  b u t t e r m i l k  a s  a  r e s u l t  o f  t h e  c h u r n i n g  p r o c e s s ,  a n d  t h i s  
c a n n o t  b e  a v o i d e d  w i t h  e v e n  t h e  m o s t  e f f i c i e n t  m e t h o d s ,  b u t  
b u t t e r m i l k  s h o u l d  n o t  o r d i n a r i l y  h a v e  a  f a t  c o n t e n t  o f  m o r e  t h a n  
. 6  p e r c e n t  b y  t h e  M o j o n n i e r  m e t h o d .  ( S e e  p r o m i n e n t  t e x t ­
b o o k s
1 7
, 2 8 *  o n  t h e  m a n u f a c t u r e  o f  b u t t e r . )  
S a m p l i n g .  S a m p l e  b u t t e r m i l k  a f t e r  i t  s t a r t s  t o  d r a i n  f r o m  
t h e  c h u r n .
1 7
*  D o  n o t  i n c l u d e  g r a n u l e s  o f  b u t t e r  i n  s a m p l e ,  a s  t h e y  
s h o u l d  b e  r e t a i n e d  b y  t h e  s c r e e n  a t  g a t e  o f  c h u r n .  T a k e  n o t  l e s s  
t h a n  7 5  m ! .  o f  b u t t e r n 1 i l k  a n d  p l a c e  i n  a  c o m p o s i t e  b o t t l e  t h a t  
c a n  b e  t i g h t l y  s t o p p e r e d .  H o l d  s a m p l e  a t  3 5 ° - 4 5 °  a n d  t e s t  w i t h i n  
2 4  h o u r s .  
A m e r i c a n  A s s o c i a t i o n  t e s t .  T h i s  m e t h o d  f o r  t e s t i n g  b u t t e r ­
m i l k  i s  r e c o m m e n d e d  b y  a  c o m m i t t e e  o f  t h e  A m e r i c a n  D a i r y  
S c i e n c e  A s s o c i a t i o n .
1 2
*  S e e  p a g e  5 5  f o r  d i r e c t i o n s .  
W h e y  
L o s s  o f  f a t  i n  w h e y  i s  a f f e c t e d  b y  s e v e r a l  c o n d i t i o n s  r e l a t e d  
t o  t h e  m a k i n g  o f  c h e e s e .  T h e s e  c o n d i t i o n s  a r e  d i s c u s s e d  i n  
p r o m i n e n t  b o o k s  o n  t h e  m a n u f a c t u r e  o f  c h e e s e .
31  
,  3 6 *  T h e  f a t  
c o n t e n t  o f  w h e y  w i l l  a l w a y s  a v e r a g e  a b o u t  . 3  p e r c e n t ,  a s  n o  p r a c ­
t i c a l  m e t h o d  h a s  b e e n  f o u n d  f o r  p r e v e n t i n g  t h i s  a m o u n t  o f  l o s s .  
M o s t  o f  t h e  l o s s  c a n ,  h o w e v e r ,  b e  r e c o v e r e d  b y  p a s s i n g  t h e  w h e y  
t h r u  a  c e n t r i f u g a l  s e p a r a t o r .  
S a m p l i n g .  T h e  s a m p l i n g  o f  w h e y  f o r  f a t  i s  m o r e  c o m p l i ­
c a t e d  t h a n  t h e  s a m p l i n g  o f  o t h e r  p r o d u c t s  b e c a u s e  t h e  s a m p l e s  
m u s t  b e  t a k e n  a t  t h r e e  d i f f e r e n t  s t a g e s  i n  t h e  m a n u f a c t u r i n g  
p r o c e s s  i n  o r d e r  t o  o b t a i n  a n  a c c u r a t e  a c c o u n t i n g .  F o l l o w i n g  i s  
a  m e t h o d  s u g g e s t e d  b y  o n e  i n v e s t i g a t o r . 2 4 *  
1 .  	 T a k e  s a m p l e  o f  w h e y  f r o m  v a t  i m m e d i a t e l y  a f t e r  c u r d  a n d  
w h e y  h a v e  b e e n  s t i r r e d  a n d  j u s t  b e f o r e  w h e y  i s  t o  b e  d r a i n e d  
o u t .  
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2. 	After main portion of whey has drained out, there is a period 
when whey continues to drain slowly from curd. Save all this 
whey up to time curd is pressed. Mix well and obtain a sample. 
3. 	When cheese is placed in press, some whey is removed. Save this 
portion also. Mix well and take a sample. 
To calculate the amount of whey removed from the vat the 
first time, subtract from the weight of the milk in the vat the 
sum of the weights of curd removed from the press, the later 
drainage of whey from the curd in the vat, and the drainage of 
whey from the press. 
A test of the whey in the vat (the first sample taken) may 
give enough information for routine operations. If so, estimate 
the amount of whey by subtracting the yield of cheese fron1 the 
weight of milk. 
American Association test. This method is recommended by 
a committee of the American Dairy Science Association 12* for 
whey from Cheddar, Blue, Edam, and Swiss cheese. For direc­
tions see page 55. 
Pennsylvania test. This test is suggested for whey from 
Cheddar, Blue and Edam cheese. Proceed as for chocolate milk 
(page 52). 
Ice Cream: Nebraska Modification 
Reagents. The Nebraska test for ice cream employs two 
reagents, which are designated as A and B. Reagent A contains 
90 m!. of normal butyl alcohol and 10 m!. of chemically pure 
ammonium hydroxide. This reagent must be kept in a tightly 
stoppered bottle. 
FIVE MODIFICATIONS of the Babcock method for testing 
ice cream for fat have been developed and are described here. 
These are the Pennsylvania,25* Minnesota,27* Nebraska,5* and 
Illinois23* methods and one known as the glacial acetic-acid 
method. None of these methods have yet been approved by 
official organizations and should therefore be regarded as 
tentative. 
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R e a g e n t  B  c o n t a i n s  1 0 0  m l .  o f  s u l f u r i c  a c i d  ( w i t h  s p e c i f i c  
g r a v i t y  o f  1 . 8 2 - 1 . 8 3 )  a n d  1 0 0  m l .  o f  e t h y l  a l c o h o l  ( 9 5 - p e r c e n t  
p u r e  o r  s p e c i a l l y  d e n a t u r e d ) .  T o  m i x  R e a g e n t  B  p o u r  t h e  s u l f u r i c  
a c i d  s l o w l y  i n t o  t h e  a l c o h o l .  A s  t h e  s u l f u r i c  a c i d  w i l l  g e n e r a t e  
c o n s i d e r a b l e  h e a t ,  b e  s u r e  t o  u s e  a  p y r e x  g l a s s  c o n t a i n e r  a n d  t o  
a d d  t h e  a c i d  s l o w l y  b y  r u n n i n g  i t  d o w n  t h e  s i d e  o f  t h e  c o n t a i n e r .  
P u r e  a l c o h o l  i s  b e s t  b e c a u s e  w i t h  i t  t h e  r e a g e n t  r e m a i n s  s t a b l e  
l o n g e r  t h a n  w i t h  d e n a t u r e d  a l c o h o l .  W h e n  d e n a t u r e d  a l c o h o l  i s  
u s e d  a  l i g h t - b r o w n  c o l o r  d e v e l o p s  i n  a  f e w  d a y s  a t  r o o m  t e m p e r a ­
t u r e .  F o r  t h i s  r e a s o n  o n l y  a  s m a l l  a m o u n t  o f  t h e  r e a g e n t  s h o u l d  
b e  p r e p a r e d  w h e n  d e n a t u r e d  a l c o h o l  i s  u s e d .  
P r e p a r i n g  s a m p l e .  P l a c e  n o t  l e s s  t h a n  l h  p i n t  o f  i c e  c r e a m  
o r  i c e - c r e a m  m i x  i n  a  b o t t l e  t h a t  c a n  b e  t i g h t l y  s t o p p e r e d .  H e a t  
c o n t e n t s  t o  9 5 ° - 1 0 0 °  i n  w a t e r  b a t h  m a i n t a i n e d  a t  1 0 0 ° - 1 0 5 ° .  
K e e p  w a t e r  l e v e l  i n  b a t h  a b o u t  l h  i n c h  a b o v e  l e v e l  o f  i c e  c r e a m .  
B a l a n c i n g  s c a l e s .  P r o c e e d  a s  f o r  c r e a m .  
M i x i n g  a n d  w e i g h i n g  s a m p l e s .  P o u r  s a m p l e  f r o m  o n e  c o n ­
t a i n e r  t o  a n o t h e r  a t  l e a s t  6  t i m e s .  T r a n s f e r  9  g r a m s  o f  t h e  s a m p l e  
w i t h  a  p i p e t  i n t o  a n  i c e - c r e a m  t e s t  b o t t l e  o r  i n t o  a n  8 - p e r c e n t  
m i l k  t e s t  b o t t l e .  
A d d i n g  r e a g e n t s .  A d d  5  m l .  o f  R e a g e n t  A  a n d  m i x  t h o r o l y  
b y  s h a k i n g .  A d d  3 0  m l .  o f  R e a g e n t  B  o r  s l i g h t l y  l e s s  ( 2 8 - 2 9  m l . )  
i f  n e c e s s a r y  t o  k e e p  l i q u i d  b e l o w  b o t t l e  n e c k .  S h a k e  c o n t e n t s  o f  
b o t t l e  u n t i l  a l l  c u r d  i s  c o m p l e t e l y  d i s s o l v e d .  
H e a t i n g .  H e a t  b o t t l e s  i n  w a t e r  b a t h  a t  1 7 5 ° - 1 8 0 °  f o r  1 5  
m i n u t e s  a n d  s h a k e  c o n t e n t s  a t  l e a s t  3  t i m e s  d u r i n g  t h i s  t i m e .  
C e n t r i f u g i n g .  W h i r l  b o t t l e s  f o r  5  m i n u t e s  a t  n o r m a l  B a b ­
c o c k - t e s t  s p e e d .  S h a k e  t h e m  t h o r o l y .  I f  f a t  c o l u m n  i s  b e l o w  n e c k ,  
a d d  w a t e r  a t  n o t  l e s s  t h a n  1 8 0 °  t o  r a i s e  l e v e l  t o  14  i n c h  b e l o w  
b a s e  o f  n e c k .  W h i r l  f o r  3  m i n u t e s .  S h a k e  b o t t l e s  a g a i n  i f  a n y  
c u r d  a p p e a r s .  A d d  w a t e r  a t  1 8 0 °  t o  r a i s e  t o p  o f  f a t  c o l u m n  t o  
a b o u t  t h e  7 - p e r c e n t  m a r k .  W h i r l  b o t t l e s  f o r  1  m i n u t e .  
R e a d i n g  f a t  c o l u m n .  P l a c e  b o t t l e s  i n  a  w a t e r  b a t h  f o r  5  
m i n u t e s  a t  1 3 5 ° - 1 4 0 ° .  A d d  g l y m o l  i n  s a m e  m a n n e r  a s  f o r  c r e a m  
t e s t .  W h e n  u s i n g  a  m i l k  t e s t  b o t t l e  m u l t i p l y  r e a d i n g  b y  2 .  R e a d  
i c e - c r e a m  t e s t  b o t t l e  d i r e c t l y  i n  p e r c e n t .  
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Ice Cream: Minnesota Modification 
Preparing sample. Follow Nebraska method (page 58); 
Balancing scales. Proceed as for cream. 
Mixing and weighing samples. Follow Nebraska method 
(page 58). 
Making the test. See page 53. 
Ice Cream: Pennsylvania Modification 
This method can be used for ice cream of any flavor. Nuts 
and fruit in the sample should be finely divided by using a 
mixer of the malted-milk type. Sample should be well mixed 
while it is being weighed. 
Preparing and weighing samples. Follow Nebraska method. 
Procedure. Follow instructions for Pennsylvania method 
for chocolate milk on page 52. If milk test bottle is used, mul­
tiply fat ready by 2. If ice-cream test bottle is used, read fat 
test directly. 
Ice Cream: Illinois Modification 
Reagents. This method may be used with vanilla, fruit, and 
chocolate ice creams. In this method two alkaline reagents are 
employed: 
Reagent A consists of­
75 ml. of C.P. ammonium hydroxide 
35 ml. of N-butyl alcohol 
15 ml. of 95-percent ethyl alcohol 
Reagent B consists of­
200 grams of trisodium phosphate (commercial grade) 
150 grams of sodium acetate (commercial grade) 
1 liter of water 
Reagent B will remain in solution at room temperature, but 
the salts will begin to crystallize out at 500 -600 and they must 
be dissolved by heating in a water bath before the reagent can 
be used. 
Preparing and weighing samples. Follow Nebraska test 
(page 58). 
Adding reagents. Add 2.5 ml. of Reagent A from a buret 
6 0  
C i r c u l a r  N o .  6 3 0  
o r  p i p e t .  M i x  t h o r o l y .  A d d  9  t o  1 0  m l .  o f  R e a g e n t  B  w i t h  a  
g r a d u a t e d  c y l i n d e r  a n d  m i x  t h o r o l y .  
H e a t i n g .  P l a c e  t e s t  b o t t l e s  i n  a  w a t e r  b a t h  s o  t h a t  w a t e r  
l e v e l  e x t e n d s  s l i g h t l y  a b o v e  t h e i r  c o n t e n t s ,  a n d  h e a t  t o  b o i l i n g .  
K e e p  a t  b o i l i n g  p o i n t  4  t o  5  m i n u t e s .  S h a k e  b o t t l e s  w e l l  2  o r  3  
t i m e s  w h i l e  h e a t i n g .  C o n t i n u e  h e a t i n g  u n t i l  f a t  s e p a r a t e s  o n  
s u r f a c e  a n d  f o r m s  a  c l e a r  l a y e r :  t h i s  w i l l  t a k e  1 5  t o  2 0  m i n u t e s  
f o r  p l a i n  i c e  c r e a m  a n d  3 0  t o  4 5  m i n u t e s  f o r  c h o c o l a t e  i c e  c r e a m .  
C e n t r i f u g i n g .  W h i r l  b o t t l e s  f o r  5  m i n u t e s  a n d  a d d  w a t e r  a t  
1 3 5 ° - 1 4 0 °  t o  b a s e  o f  n e c k .  W h i r l  f o r  2  m i n u t e s  a n d  a d d  w a t e r  t o  
b r i n g  t o p  o f  f a t  c o l u m n  t o  a b o u t  7 - p e r c e n t  m a r k .  W h i r l  f o r  1  
m i n u t e .  
R e a d i n g  f a t  c o l u m n .  P u t  b o t t l e s  i n  w a t e r  b a t h  a t  1 3 5 ° - 1 4 0 °  
f o r  5  m i n u t e s .  R e a d  f a t  f r o m  b o t t o m  o f  c o l u m n  t o  t o p  o f  u p p e r  
m e n I S C U S .  
I c e  C r e a m :  G l a c i a l  A c e t i c  a n d  S u l f u r i c  A c i d  

M o d i f i c a t i o n  

P r e p a r i n g  s a m p l e .  F o l l o w  N e b r a s k a  m e t h o d  ( p a g e  5 8 )  .  
B a l a n c i n g  s c a l e s .  P r o c e e d  a s  f o r  c r e a m .  
M i x i n g  a n d  w e i g h i n g  s a m p l e s .  F o l l o w  N e b r a s k a  m e t h o d  
( p a g e  5 8 ) .  
A d d i n g  r e a g e n t s .  A d d  9  m l .  o f  w a t e r .  T h e n  a d d  1 3  m l .  o f  
g l a c i a l  a c e t i c  a c i d  a n d  m i x  w e l l .  F i n a l l y  a d d  1 3  m l .  o f  s u l f u r i c  
a c i d  ( s p e c i f i c  g r a v i t y  o f  1 . 8 2 - 1 . 8 3 )  i n  a b o u t  t h r e e  e q u a l  p o r t i o n s ,  
s h a k i n g  s a m p l e  a f t e r  e a c h  a d d i t i o n .  
C e n t r i f u g i n g .  P r o c e e d  a s  f o r  m i l k .  
R e a d i n g  f a t  c o l u m n .  P r o c e e d  a s  f o r  m i l k .  I f  a n  1 8 - g r a m  
b o t t l e  i s  u s e d ,  d o u b l e  t h e  r e a d i n g .  
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OTHER TESTS FOR MILK AND MILK PRODUCTS 
Determining Total Solids 
Accurate determination of the total solids in milk and milk 
products is frequently required. Such a determination, along 
with other tests, makes it possible to control the composition 
of these products and make sure that they comply with speci­
fied standards as they pass into the channels of trade. 
Equipment needed. An inexpensive method for determining 
total solids in milk and milk products has been developed by 
Livak and Doan21* and Doan and Livak.7* An apparatus known 
as the Dietert moisture teller is used (Fig. 16). 
Caution: Only a technician who has been taught to do ac­
curate work and who will observe all precautions in weighing, 
handling, and cooling dishes, samples, and residues, can use the 
Dietert apparatus for determining total solids. 
Besides the Dietert moisture teller, the following equipment 
is needed: flat-bottom metal dishes 75 mm. in diameter (Mojon­
nier solids dishes with covers are satisfactory) , a laboratory: 
desiccator (dryer) of the proper size, an analytical balance, an 
accurate set of weights, and a pair of tongs made of metal that 
does not corrode. 
Milk. Heat flat-bottom dish of 75-mm. diameter, with cover, 
in the Dietert apparatus for at least 10 minutes. During this time 
check and adjust the temperature of the apparatus. Cool the 
dish to room temperature and weigh it accurately on an analyti­
cal balance. Place about 2 grams of well-mixed milk in dish. 
Weigh quickly and accurately. Place dish in center of pan of 
Dietert apparatus. Spread milk evenly over bottom of dish. 
Check temperature again and dry for 20 minutes at 248 0 
(120 0 C.). 
When milk is dried, transfer dish immediately to desiccator 
and cool to room temperature. Weigh dish and dried residue 
accurately. The results are expressed as a percentage of total 
solids. For example, if the sample of milk weighs 2.1345 grams 
and the dried residue weighs .2647 gram, the total solids will be 
.2647 
12.4 percent: 2.1345 X 100 = 12.4. 
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E q u i p m e n t  r e q u i r e d  f o r  m a k i n g  t o t a l - s o l i d s  d e t e r m i n a t i o n s .  L e f t  t o  r i g h t :  
b a l a n c e  a n d  w e i g h t s ,  s o l i d s  d i s h e s ,  t o n g s ,  d e s i c c a t o r ,  a n d  D i e t e r t  m o i s t u r e  
t e l l e r .  T h e  D i e t e r t  a p p a r a t u s  i s  t u b e - s h a p e d ,  w i t h  a  f l a r e d  e n l a r g e m e n t  a t  
t h e  b o t t o m .  T h e  u p p e r  p a r t  o f  t h e  t u b e  c o n t a i n s  a n  e l e c t r i c  b l o w e r  a n d  
h e a t i n g  e l e m e n t .  A  r e m o v a b l e  d i s h h o l d e r  w i t h  a  f i n e  b r a s s  s c r e e n  i s  h e l d  
b y  a  s p r i n g  c l a m p  a g a i n s t  t h e  f l a r e d  e n d  o f  t h e  t u b e .  A b o v e  t h e  d i s h h o l d e r  
i s  a n  a i r  d i f f u s e r  a n d  a  t h e r m o m e t e r .  A n  a u t o m a t i c  t i m i n g  d i a l  a n d  s w i t c h  
a r e  l o c a t e d  i n  t h e  u p r i g h t  p a n e l .  T h e  d i a l  i s  g r a d u a t e d  i n  h a l f - m i n u t e  i n t e r ­
v a l s  f r o m  0  t o  1 5 .  A  t h e r m o - r e g u l a t o r  i s  a t t a c h e d  t o  t h e  r i g h t  s i d e  o f  t h e  
f l a r e d  b a s e  - t e m p e r a t u r e  c a n  b e  a d j u s t e d  b y  t u r n i n g  a  k n o b .  O p e r a t i o n  o f  
t h i s  m o i s t u r e  t e l l e r  t a k e s  s k i l l  a n d  e x p e r i e n c e .  ( F i g .  1 6 )  
S k i m m i l k .  P r o c e e d  a s  f o r  m i l k .  
C r e a m .  P r o c e e d  a s  f o r  m i l k  e x c e p t  d r y  t h e  s a m p l e  i n  t h e  
D i e t e r t  a p p a r a t u s  f o r  2 5  m i n u t e s  a t  2 4 8 °  ( 1 2 0 °  C . ) .  
C o n d e n s e d  m i l k ,  c o n d e n s e d  s k i m m i l k ,  a n d  e v a p o r a t e d  
m i l k .  P r o c e e d  a s  f o r  m i l k  e x c e p t  w e i g h  a c c u r a t e l y  1  g r a m  o f  t h e  
p r o d u c t ,  d i l u t e  w i t h  1  m l .  o f  d i s t i l l e d  w a t e r ,  a n d  d r y  f o r  2 5  
m i n u t e s  a t  2 4 8 °  ( 1 2 0 °  C . ) .  
I c e - c r e a m  m i x .  P r o c e e d  a s  f o r  m i l k  e x c e p t  w e i g h  a b o u t  1  
g r a m  o f  t h e  m i x  a c c u r a t e l y  i n t o  a n  a l u m i n u m  d i s h  a n d  d i l u t e  
w i t h  1  m l .  o f  w a r m  w a t e r .  S p r e a d  d i l u t e d  m i x  e v e n l y  o v e r  d i s h .  
H e a t  s a m p l e  f o r  3 0  m i n u t e s  a t  2 6 6 °  ( 1 3 0 °  C . ) .  
S w e e t e n e d  c o n d e n s e d  m i l k .  P r o c e e d  a s  f o r  i c e  c r e a m  e x c e p t  
a d d  2  m l .  o f  w a t e r  a t  a b o u t  1 3 0 ° ·  a n d  d r y  t h e  s a m p l e  f o r  2 0  
m i n u t e s  a t  3 0 2 °  ( 1 5 0 °  C . ) .  
C o o l  t h e  e m p t y  d i s h e s ,  s a m p l e s ,  a n d  r e s i d u e s  t o  r o o m  t e m ­
p e r a t u r e  a n d  w e i g h .  
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Determining Specific Gravity of Milk 
The specific gravity of the mixed milk from a herd of cows 
is very constant, varying only slightly thruout the year. Knowl­
edge of the specific gravity of milk is useful in identifying 
samples suspected of having been diluted with water or of hav­
ing been partly skimmed. The method is not accurate enough to 
detect the amount of water added; but when used with the fat 
test, it enables an operator to find the suspected samples. If the 
weight, fat test, and specific gravity determinations of any 
patron's milk all vary greatly from day to day, the creamery 
operator has reason to suspect that the composition of the milk 
is being altered. A freezing-point determination made with the 
Hortvet cryoscope will show whether water has been added to 
the suspected samples. 
Specific gravity determinations of milk can be made with a 
lactometer (Fig. 17). A lactometer operates on the same prin­
ciple as the hydrometer used to determine the strength of the 
acid in an automobile battery. Three general types of lac tom­
eters are in use: 
The Quevenne lactometer is the type most commonly used. It is 
calibrated in units from 15 to 40. These units correspond to specific 
gravities of 1.015 to 1.040. This lactometer has a thermometer with 2 
degrees Fahrenheit for each division. 
The U. S. D epartment of Agriculture lactometer is the most ac­
curate. It is calibrated in units from 24 to 37 in divisions of 1/10 
degree. These divisions correspond to specific gravities of 1.024 to 
1.037. This lactometer is recommended for routine dairy-plant use. 
The New York Board of Health lactometer is calibrated in units 
of 0 to 120 degrees, zero corresponding to a specific gravity of 1.000, 
and 100 degrees corresponding to specific gravity of 1.029. This lac­
tometer is not extensively used. 
All lactometers should be tested for accuracy before they are 
used. An accurate thermometer graduated in intervals of Ylo 
degree Fahrenheit is needed in order to obtain the correct tem­
perature for specific gravity determinations. 
Taking sample. Observe same care as in obtaining a repre­
sentative sample for Babcock test. 
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P r e p a r i n g  s a m p l e .  T h e  s a m p l e  m u s t  c o n s i s t  o f  a t  l e a s t  1  
p i n t  o f  m i l k .  A d j u s t  t e m p e r a t u r e  o f  s a m p l e  t o  1 1 3 °  a n d  h o l d  a t  
t h i s  t e m p e r a t u r e  f o r  Y 2  m i n u t e .  C o o l  t o  s l i g h t l y  a b o v e  8 6 ° .  M i x  
s a m p l e  b y  p o u r i n g  i t  3  t i m e s  f r o m  o n e  c o n t a i n e r  t o  a n o t h e r .  B e  
c a r e f u l  t o  p o u r  i t  a g a i n s t  w a l l s  o f  c o n t a i n e r  t o  k e e p  f r o m  m i x i n g  
a i r  i n t o  i t .  F o a m  o n  s u r f a c e  o f  s a m p l e  w i l l  i n t e r f e r e  w i t h  l a c t o m ­
e t e r  r e a d i n g .  
L a c t o m e t e r  a n d  c y l i n d e r  f o r  d e t e r m i n ­
i n g  s p e c i f i c  g r a v i t y  o f  m i l k .  T h i s  t y p e  o f  
l a c t o m e t e r  i s  r e c o m m e n d e d  f o r  r o u t i n e  
d a i r y - p l a n t  a n a l y s i s .  I t  i s  c a l i b r a t e d  i n  
u n i t s  f r o m  2 4  t o  3 7  i n  d i v i s i o n s  o f  1 /  1 0  
d e g r e e .  N o t e  p o s i t i o n  o f  l a c t o m e t e r  i n  
c y l i n d e r  o f  m i l k .  U n l e s s  t h e  c y l i n d e r  i s  
f u l l  o f  m i l k ,  i t  i s  h a r d  t o  o b t a i n  a n  a c c u ­
r a t e  r e a d i n g .  ( F i g .  1 7 )  
M a k i n g  d e t e r m i n a t i o n .  B e  c e r t a i n  t h a t  m i l k  i n  s a m p l e  i s  a t  
8 6 ° .  F i l l  a  t a l l  c y l i n d e r  ( F i g .  1 7 )  b y  p o u r i n g  m i l k  c a r e f u l l y  
a g a i n s t  w a l l s .  P l a c e  l a c t o m e t e r  i n  m i l k  b u t  d o  n o t  d r o p  i t  i n ,  
a s  t h i s  w i l l  w e t  m o r e  o f  t h e  g r a d u a t e d  s c a l e  t h a n  i s  n e c e s s a r y  
. a n d  w i l l  i n t e r f e r e  w i t h  f i n a l  r e a d i n g .  F o r  a c c u r a t e  r e a d i n g ,  t h e  
c y l i n d e r  m u s t  b e  f u l l  w h e n  t h e  l a c t o m e t e r  f l o a t s  i n  t h e  m i l k .  
W h e n  l a c t o m e t e r  r e a c h e s  a  s t a t i o n a r y  p o s i t i o n  ( F i g .  1 7 ) ,  
t a k e  r e a d i n g  a t  t o p  o f  m e n i s c u s  o n  s t e m .  R e c o r d  r e a d i n g .  
C a l c u l a t i n g  r e s u l t s .  T h e  t o t a l  - s o l i d s  c a n  b e  c a l c u l a t e d  a c ­
c o r d i n g  t o  t h e  m e t h o d  o f  S h a r p  a n d  H a r t
2 4 a
*  w i t h  H e r r i n g t o n ' s 15 a *  
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correction. The formula follows: 
268 (Q + 3)
Total solids = 1.2537 F + ----­
Q + 1000 
F = fat percentage in whole numbers 
3; 268; 1000; and 1.2537=constants obtained by compari­
son with gravimetric methods of making total solids de­
termination 
Q = Quevenne or V.S.D.A. lactometer reading in degrees. 
To apply this formula, assume, for example, that a sample of 
milk has 3.7 percent fat and a lactometer reading of 27.1. Using 
these values in the formula, we have: 
268 (27.1 + 3)
Total solids = 1.2537 X 3.7 + -----­
27.1 + 1000 
268 X 30.1 
= 4.63869 + ----­
27.1 + 1000 
8066.8 
= 4.63869 +--­
1027.1 
= 4.63869 + 7.853957 
= 12.49 percent. 
To obtain the specific gravity of a sample of milk from aNew 
York Board of Health reading, it is necessary to change the 
reading to that of the Quevenne lactometer. Multiply the read­
ing by .29 and prefix the figure 1.0. To change the Quevenne 
reading to the Board of Health reading, divide the Quevenne 
reading by .29. Both the Quevenne and the U. S. Department of 
Agriculture lactometers are read in the same manner, but the 
latter can be read more accurately. 
An apparatus known as the Westphal balance gives a more 
accurate determination of specific gravity than does a lactometer, 
but a reliable lactometer is accurate enough for most routine 
plant work. 
Analyzing Hard Cheese 
A method for analyzing cheese of the hard types for fat, 
moisture, and salt has been approved by a committee of the 
American Dairy Science Association.33* This method, with im­
prov~ments by Wilster/6* follows: 
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T a k i n g  s a m p l e .  C u t  a  n a r r o w ,  w e d g e - s h a p e d  p i e c e  t h a t  
r e a c h e s  f r o m  o u t e r  e d g e  t o  c e n t e r  o f  c h e e s e .  R e m o v e  r i n d .  D i v i d e  
p i e c e  i n t o  s t r i p s  a n d  p a s s  i t  t h r u  a  s a u s a g e  g r i n d e r  '  t h r e e  
t i m e s .  I f  c h e e s e  c a n n o t  b e  c u t ,  t a k e  a  s a m p l e  w i t h  a  c h e e s e  t r i e r .  
I f  o n l y  o n e  p l u g  o f  t h e  c h e e s e  c a n  b e  t a k e n ,  c u t  i t  p e r p e n d i c u l a r  
t o  s u r f a c e  o f  c h e e s e  a t  a  p o i n t  1 1 3  t h e  d i s t a n c e  f r o m  t h e  e d g e  t o  
t h e  c e n t e r ,  e x t e n d i n g  e i t h e r  e n t i r e l y  o r  h a l f - w a y  t h r u  i t .  I f  p o s ­
s i b l e ,  d r a w  t h r e e  p l u g s  p e r p e n d i c u l a r l y ,  o n e  f r o m  c e n t e r ,  o n e  a n  
i n c h  f r o m  o u t e r  e d g e  a n d  h a l f w a y  b e t w e e n  t h e  o t h e r  t w o .  I n ­
c l u d e  r i n d  w i t h  s a m p l e .  G r i n d  p l u g s  w i t h  a  s a u s a g e  m a c h i n e  o r ,  
p r e f e r a b l y ,  c u t  t h e m  f i n e  w i t h  a  v e g e t a b l e  r i c e r  a n d  m i x  t h o r o l y .  
P u t  s a m p l e s  i n  s m a l l ,  s t o p p e r e d ,  a i r t i g h t  c o n t a i n e r s  i m m e d i a t e l y  
a n d  a n a l y z e  a s  s o o n  a s  p o s s i b l e .  S a m p l e s  n o t  a n a l y z e d  a t  o n c e  
s h o u l d  b e  k e p t  i n  a  r e f r i g e r a t o r .  
D e t e r m i n i n g  f a t .  T h e  m e t h o d  d e s c r i b e d  b y  t h e  A s s o c i a t i o n  
o f  O f f i c i a l  A g r i c u l t u r a l  C h e m i s t s
1  
*  i s  r e c o m m e n d e d  f o r  r e g u l a ­
t o r y  l a b o r a t o r i e s ,  w h e r e  a  h i g h  d e g r e e  o f  a c c u r a c y  i s  r e q u i r e d  t o  
d e t e r m i n e  c o m p l i a n c e  w i t h  s t a t e  a n d  f e d e r a l  s t a n d a r d s .  
T h e  B a b c o c k  m e t h o d
3 3
*  c a n  b e  u s e d  f o r  r o u t i n e  a n a l y s i s  i n  
t h e  c h e e s e  f a c t o r y .  P r o c e e d  a s  f o l l o w s :  
1  •  W e i g h  9  g r a m s  o f  p r e p a r e d  s a m p l e  i n t o  a  d r y ,  t a r e d ,  9 - g r a m ,  
5 0 - p e r c e n t ,  l a r g e - b o d i e d  B a b c o c k  t e s t  b o t t l e .  D o  t h i s  q u i c k l y  t o  
k e e p  m o i s t u r e  f r o m  e v a p o r a t i n g  f r o m  s a m p l e .  
2 .  	 A d d  a b o u t  1 2  m l .  o f  w a t e r  a n d  m i x  w e l l  w i t h  c h e e s e .  P l a c e  
b o t t l e  i n  a  b o i l i n g - w a t e r  b a t h  f o r  5  t o  1 0  m i n u t e s  a n d  m i x  
o c c a s i o n a l l y .  C o o l  c o n t e n t s  t o  a b o u t  1 0 0 ° .  I f  t e s t i n g  a  n u m b e r  
o f  s a m p l e s ,  p l a c e  b o t t l e s  i n  a  w a t e r  b a t h  a n d  h e a t  t o  1 7 0 °  f o r  
a b o u t  1 5  m i n u t e s  a n d  c o o l  b a t h  t o  1 5 0 ° .  
3 .  	 A d d  c a r e f u l l y ,  i n  a b o u t  t h r e e  e q u a l  p o r t i o n s ,  1 5  t o  1 7  m l .  o f  
s u l f u r i c  a c i d  o f  s p e c i f i c  g r a v i t y  1 . 8 2 - 1 . 8 3 ,  a n d  s h a k e  a f t e r  e a c h  
a d d i t i o n  o f  a c i d .  W h e n  a l l  p a r t i c l e s  h a v e  d i s s o l v e d ,  a d d  w a t e r  
a t  1 6 0 ° - 1 8 0 °  t o  b o t t o m  o f  n e c k .  
4 .  	 W h i r l  a t  p r o p e r  s p e e d  i n  a  h e a t e d  c e n t r i f u g e  f o r  5  m i n u t e s .  A d d  
w a t e r  a t  1 4 0 °  t o  r a i s e  f a t  i n t o  n e c k  o f  b o t t l e .  W h i r l  f o r  3  
m i n u t e s .  
5 .  	 P l a c e  b o t t l e s  i n  a  w a t e r  b a t h  a t  1 3 5 ° - 1 4 0 °  f o r  5  m i n u t e s  w i t h  
w a t e r  l e v e l  a b o v e  l e v e l  o f  f a t .  A d d  g l y m o l  ( m e n i s c u s  r e m o v e r )  
t o  e a c h  b o t t l e  a s  y o u  r e a d  i t .  D u p l i c a t e s  s h o u l d  c h e c k  w i t h i n  
. 5  p e r c e n t .  
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Determining moisture 
1. 	Dry moisture dishes and their covers for 1 hour at 212 0 
(100 0 C.). Cool for Y2 hour in a desiccator (dryer) that contains 
calcium chloride or some other suitable nonliquid drying agent. 
2. 	Weigh each dish and its cover on an analytical balance, pref­
erably the chainomatic type. Record weight. 
3. 	Put about 2 grams of cheese into dish. Replace cover immedi­
ately. Weigh accurately and record weight. Make analysis in 
duplicate or triplicate. 
4. 	Dry samples with their covers off, in an oven at 212 0 (100 0 C.). 
Drying in a vacuum oven at 23 to 26 inches, for 4 to 6 hours, 
will bring the cheese to constant weight. If a vacuum oven is 
not used, dry for 24 hours. To reduce spattering, place samples 
in oven when temperature is below 122 0 (50 0 C.) so that they 
will heat slowly. Heat samples at 212 0 for Y2 hour before apply­
ing vacuum. Apply vacuum slowly and release slowly. 
5. 	Put dishes in a desiccator for Y2 to 1 hour, or until they reach 
room temperature. Weigh each dish as quickly as possible and 
record weight. 
6. 	Divide loss of weight by weight of sample and multiply by 100 
to get percentage of moisture in cheese. 
For routine laboratory analysis, a balance with a tare beam 
and with beams for direct reading should be used. The balance 
should have a sensitivity reciprocal of 15 milligrams (meaning 
that the pointer will move at least one division on the graduated 
scale when a I5-milligram weight is added to either pan while 
the scale has a full load and is balanced). A light-weight alu­
minum dish 50 mm. in diameter and 20 mm. deep should be used. 
It should have a loosely fitting inverted lid. Both dish and lid 
should be plainly marked. The procedure is as follows: 
1. 	Weigh exactly 5 grams of freshly prepared sample into dish. 
2. 	Place cover loosely on dish. Dry in an oven as mentioned 
above. Cool dishes with covers in desiccator and weigh. Read 
to nearest .1 percent on beam and multiply by 2. On duplicate 
samples moisture should check within .2 percent. 
Determining salt 
1. 	Weigh accurately 3 grams of cheese into a 300-ml. Erlenmeyer 
flask. 
2. 	Add 10 ml. silver nitrate solution (29.06 grams Ag N03 per 
liter) or more than enough to combine with all the chlorine. 
6 8  
C i r c u l a r  N o .  6 3 0  
3 .  	A d d  1 5  m l .  o f  h a l o g e n - f r e e  n i t r i c  a c i d  ( C . P . ) .  
4 .  	A d d  5 0  m l .  o f  d i s t i l l e d  w a t e r .  
S .  	 R e p e a t  S t e p s  1 ,  2 ,  3 ,  a n d  4 ,  b u t  u s e  s u c r o s e  i n s t e a d  o f  · c h e e s e .  
6 .  	 P l a c e  f l a s k s  o n  a  h o t  p l a t e .  A s  m i x t u r e  b o i l s ,  a d d  1 5  r o l .  o f  
p o t a s s i u m  p e r m a n g a n a t e  s o l u t i o n  ( s a t u r a t e d )  t o  e a c h  f l a s k  i n  
a p p r o x i m a t e l y  t h r e e  e q u a l  p o r t i o n s .  
7 .  	 A f t e r  d i g e s t i o n ,  d i l u t e  t o  1 0 0  m l .  
8 .  	 D e c a n t  o f f  c l e a r  l i q u i d .  
9 .  	 W a s h  p r e c i p i t a t e  w i t h  a n o t h e r  1 0 0  r o l .  o f  w a t e r  a n d  a g a i n  
d e c a n t .  
1 0 .  	A d d  3  m l .  i n d i c a t o r  ( s a t u r a t e d  f e r r i c  a m m o n i u m  s u l f a t e ) .  
1 1 .  	T i t r a t e  a g a i n s t  s t a n d a r d  p o t a s s i u m  t h i o c y a n a t e  s o l u t i o n  ( 1 6 . 6 3  
g r a m s  p e r  l i t e r )  t o  f i r s t  l a s t i n g  c h a n g e  i n  c o l o r .  C o l o r  s h o u l d  
l a s t  a b o u t  1 5  s e c o n d s .  
E x a m p l e  o f  c a l c u l a t i o n  f o r  d e t e r m i n i n g  s a l t  
5 . 3  m l .  =  a m o u n t  o f  p o t a s s i u m  t h i o c y a n a t e  u s e d  f o r  c h e e s e  
9 . 8 .  m l .  =  a m o u n t  o f  p o t a s s i u m  t h i o c y a n a t e  u s e d  f o r  s u g a r  
S i n c e  t h i s  i s  a  b a c k  t i t r a t i o n ,  s u b t r a c t  a b o v e  a m o u n t s  f r o m  1 0  m l .  

t o  o b t a i n  a m o u n t  o f  s i l v e r  n i t r a t e  u s e d :  

C h e e s e  s a m p l e  :  1 0  - 5 . 3  =  4 . 7  m l .  s i l v e r  n i t r a t e  

S u g a r  b l a n k :  1 0  - 9 . 8  =  . 2  m l .  s i l v e r  n i t r a t e  
B y  s u b t r a c t i n g  . 2  m l .  f r o m  4 . 7  m l .  w e  g e t  4 . 5  m l .  a s  t h e  c o r r e c t e d  
a m o u n t  o f  s i l v e r  n i t r a t e  u s e d .  ( T h e  . 2  m l .  d i s a p p e a r s  i n  t h e  b l a n k  
d e t e r m i n a t i o n  a n d  c a n n o t  b e  a c c o u n t e d  f o r . )  E a c h  m l .  o f  s i l v e r  
n i t r a t e  i s  e q u a l  t o  . 0 1  g r a m  o f  s a l t .  T h e  p e r c e n t  o f  s a l t  c a n  t h e r e ­
f o r e  b e  c a l c u l a t e d  a s  f o l l o w s :  
4 . 5  m l .  	s i l v e r  n i t r a t e  X  . 0 1  =  . 0 4 5  g r a m  s a l t  

. 0 4 5  

- - X  1 0 0  =  1 . 5  p e r c e n t ,  t h e  a m o u n t  o f  s a l t  i n  s a m p l e .
3  
A n a l y z i n g  B u t t e r  
B u t t e r  c a n  b e  a n a l y z e d  f o r  f a t ,  m o i s t u r e ,  s a l t ,  a n d  c u r d  b y  
t h e  K o h m a n  m e t h o d .
2 0
*  T h i s  m e t h o d  i s  p r a c t i c a l  f o r  f a c t o r y  u s e  
a n d  t h e  r e s u l t s  a g r e e  c l o s e l y  w i t h  t h e  o f f i c i a l  m e t h o d .
1
*  A n y o n e  
s e t t i n g  u p  a  l a b o r a t o r y  f o r  b u t t e r  a n a l y s e s  s h o u l d  r e a d  
W i l s t e r ' s 3 4 *  b u l l e t i n  f o r  a  d e s c r i p t i o n  o f  e q u i p m e n t  w h i c h  a i d s  
g r e a t l y  i n  a n a l y z i n g  b u t t e r .  T h e  K o h m a n  m e t h o d ,  w i t h  r e f i n e ­
m e n t s  i n  e q u i p m e n t  a n d  t e c h n i c  a s  i n d i c a t e d  b y  W i l s t e r /
4
*  i s  
d e s c r i b e d  h e r e .  
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Equipment and chemicals needed. Following is a list of the 
equipment and chemicals for making an analysis of butter. 
Water bath. A water bath is useful for warming butter samples 
before they are stirred. The most efficient kind of water bath is heated 
by electricity and controlled by a thermostat. 
Stirring device. A stirrer is useful when a large number of samples 
are analyzed. Each sample can then be thoroly mixed in a few seconds. 
Weighing balance. Balance should have a sensitivity reciprocal of 
15 milligrams. Altho the balance may be of either the beam or torsion 
type, it should preferably have 4 beams34* so that the percentages of 
moisture and fat can be read independently of each other. The gradu­
ated beams should be kept clear and legible. If beams become dull, 
scrape away old paint, clean with petroleum ether, and apply white 
paint. Rub off wet paint with a cloth. Vertical markings on the beams 
will remain white. Set balance level on a firm support and protect it 
from draft (Fig. 8). A plastic cover to protect balance against insects 
is recommended. 
Cup for test. There are a number of aluminum cups that may be 
used. A satisfactory cup is 2% inches high, 2 inches in diameter at 
bottom, and 2% inches in diameter at top. It weighs about 21 grams 
and has 150 ml. capacity to overflowing. Top is flared and has a 
prominent pouring lip. 
Heating device. An electric hot plate with a heating unit that will 
attain a temperature of 680°-700° at the surface is satisfactory. It 
should be equipped with a three-heat switch. An open flame is not safe. 
Cooling surface . The warm cups may be: (1) cooled to room 
temperature on a metal surface, (2) cooled in a desiccator, or 
(3) cooled in dry compartments surrounded by cold water. Method 3 
takes the least time. 
Tongs. Several pairs of crucible tongs made of noncorrosive metal 
are needed to handle aluminum beakers. 
Weights. An accurate 10-gram weight must be used. This weight 
should be of same con truction as those prescribed for the Babcock 
test for cream and should have same relative tolerances of accuracy. 
An extra weight that is known to be accurate should be kept on hand. 
Sampling devices. Several metal spatulas and triers are satisfac­
tory for sampling butter. Spatulas should have a 4-inch blade of 
stainles steel. A straight-sided lh-pint glass container tightly fitted 
with a crew cap and lined with paraffined cardboard is recommended 
when samples are kept for a short time. 
Silver nitrate solution. The mo t convenient silver nitrate solution 
to u e for the salt test contains 29.06 grams of ilver nitrate per 1000 
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m l .  T h i s  s o l u t i o n  c a n  b e  m a d e  u p  a n d  c h e c k e d  f o r  s t r e n g t h  b y  a  p e r ­
s o n  w h o  h a s  h a d  t h e  n e c e s s a r y  t r a i n i n g  i n  c h e m i s t r y ,  o r  i t  c a n  b e  
b o u g h t  f r o m  d a i r y  s u p p l y  f i r m s .  
P e t r o l e u m  e t h e r .  T h i s  f a t  s o l v e n t  s h o u l d  h a v e  a  s p e c i f i c  g r a v i t y  o f  
. 6 3 4  t o  . 6 6 0  a t  7 7 °  a n d  a n  i n i t i a l  b o i l i n g  p o i n t  o f  1 2 0
0  
t o  1 4 0 ° .  
P o t a s s i u m  o r  s o d i u m . - c h r o m a t e  i n d i c a t o r .  A  1 0 - p e r c e n t  s o l u t i o n  i s  
r e q u i r e d  f o r  t h e  s a l t  t e s t .  I t  c a n  b e  m a d e  b y  d i s s o l v i n g  1 0  g r a m s  o f  
p o t a s s i u m  d i c h r o m a t e  i n  9 0  g r a m s  o f  w a t e r ,  o r  i t  c a n  b e  b o u g h t  f r o m  
d a i r y  s u p p l y  f i r m s .  
G l a s s w a r e .  A  5 0 - m l .  b u r e t  w i t h  s u p p o r t i n g  s t a n d ,  o r  a  b u r e t  
a t t a c h e d  t o  a  f l a s k ,  i s  n e e d e d  f o r  t h e  s a l t  t e s t .  A l s o  n e e d e d  a r e :  f o u r  
2 5 0 - m l .  v o l u m e t r i c  f l a s k s ;  s i x  2 5 - m l .  p i p e t s ;  t h r e e  w h i t e  c u p s ;  s i x  p l a i n  
g l a s s  s t i r r i n g  r o d s  a b o u t  6  i n c h e s  l o n g  w i t h  r u b b e r  t i p s .  R u b b e r  t i p s  
s h o u l d  b e  r e p l a c e d  w h e n  t h e y  s h o w  s i g n s  o f  w e a r .  
D i s t i l l e d  w a t e r .  A s  d i s t i l l e d  w a t e r  s h o u l d  b e  u s e d  w h e n e v e r  w a t e r  
t o  
i s  n e e d e d  f o r  t h e  a n a l y s i s  o f  b u t t e r ,  a  l i b e r a l  s u p p l y  s h o u l d  b e  a v a i l ­
a b l e  a t  a l l  t i m e s .  A  s a t i s f a c t o r y  a p p a r a t u s  f o r  d i s t i l l i n g  w a t e r  c a n  b e  
b o u g h t  f r o m  s e v e r a l  c h e m i c a l  s u p p l y  c o m p a n i e s .  
S a m p l i n g  f r o m  c h u r n .  A  m o r e  r e p r e s e n t a t i v e  s a m p l e  c a n  
b e  o b t a i n e d  b y  t a k i n g  s a m p l e s  w i t h  a  t r i e r  f r o m  s e v e r a l  p l a c e s  
i n  t h e  c h u r n .
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*  B e  s u r e  t o  t a k e  s a m p l e  w h e r e  t h e r e  i s  n o  f r e e  
m o i s t u r e .  S c r a p e  b u t t e r  o f f  t r i e r  w i t h  s p a t u l a  a n d  p u t  i t  i n  
s a m p l e  j a r .  C l o s e  j a r  t i g h t .  D o  n o t  i n c l u d e  b u t t e r  t h a t  i s  o n  
b a c k  o f  t r i e r .  
S a m p l i n g  f r o m  t u b  o r  b o x .  W h e n  t a k i n g  a  s a m p l e  f r o m  a  
t u b ,  i n s e r t  t r i e r  p r a c t i c a l l y  i t s  f u l l  l e n g t h  f r o m  t o p  e d g e  o f  t u b .  
W h e n  s a m p l i n g  a  b o x ,  i n s e r t  t r i e r  a t  c o r n e r  o f  t h e  b o x  a n d  r u n  i t  
d i a g o n a l l y  a c r o s s  a n d  d o w n  t o  t h e  c o r n e r  o p p o s i t e  t h e  p o i n t  o f  
e n t r y .  G i v e  t r i e r  o n e  c o m p l e t e  t u r n  a n d  w i t h d r a w  a  f u l l  c o r e .  
P l a c e  p o i n t  o f  t r i e r  o v e r  m o u t h  o f  s a m p l e  j a r  a n d ,  w i t h  s p a t u l a ,  
i m m e d i a t e l y  s c r a p e  o f f  a  p l u g  o f  b u t t e r  i n  a b o u t  3 - i n c h  p o r t i o n s .  
L e a v e  a  p o r t i o n  a b o u t  1  i n c h  l o n g  t o  f i l l  t h e  h o l e  f r o m  w h i c h  t h e  
p l u g  w a s  r e m o v e d .  T a k e  t w o  o t h e r  t r i e r f u l s  a t  p o i n t s  e q u a l l y  
d i s t a n t  f r o m  t h e  f i r s t  a n d  a d d  t o  t h e  s a m p l e  j a r  i n  t h e  s a m e  m a n ­
n e r .  D o  n o t  i n c l u d e  m o i s t u r e  w h i c h  a d h e r e s  t o  o u t s i d e  o f  t r i e r .  
C l e a n  t r i e r  a n d  d r y  i t  w i t h  a b s o r b e n t  p a p e r  e a c h  t i m e  b e f o r e  
d r a w i n g  t h e  n e x t  p l u g .  H a v e  t r i e r  a t  r o o m  t e m p e r a t u r e  w h e n  
s a m p l i n g  b u t t e r  a b o v e  3 2 ° .  W h e n  s a m p l i n g  b u t t e r  s t o r e d  b e l o w  
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32°, use a trier heated to 125°. If butter is frozen so hard that it 
cannot be sampled, temper it in a room at 35°-40° for 24 hours. 
When tubs or boxes are marked with churn numbers, take 
samples as follows: sample one tub or box from each churning 
of 1 to 9 tubs or boxes; sample two tubs or boxes from each 
churning of 10 to 14 tubs or boxes. The samples from each tub 
or box from the same churning must be put together to make 
up a composite for that churning. 1 * 
If tubs or boxes are not marked with churn numbers, find 
the square root of the number in the lot and sample that num­
ber of tubs or boxes, but limit the number to a minimum of 3 
and a maximum of 25.1 * 
Sampling from prints.1 * Find the square root of the number 
of cases in the lot of butter to be sampled. Take one print each 
from that number of cases, but limit the number to a minimum 
of 5 cases or a maximum of 25. If the square root includes a 
fraction , disregard the fraction and sample an extra case. 
When churnings can be identified, select cases to include each 
churning. If there are less than 5 cases in the lot, take a sample 
from each. Remove wrappers and put prints in separate con­
tainers. If prints weigh a pound or more, you may quarter each 
print and take 2 alternate quarters as the sample. With 4- and 
8-ounce prints, take whole print as the sample. 
Preparing samples for analysis. 1. By shaking.1 * Soften en­
tire sample to 95° F. in a water bath at 102.2°, or heat to 95° 
in a constant-temperature oven held at 95°. Shake sample vigor­
ously until it is a homogeneous semisolid mass. Weigh sample 
for analysis at once, using a spatula for stirring sample and 
weighing it into cup. If sample is kept for any length of time, 
soften it and shake it again before taking portion for analysis. 
2. With mechanical stirrer.l* Soften entire sample to 77° -86°. 
Stir with electric food mixer of double-beater type with variable 
control to give a maximum speed of 1000 r.p.m. A malted-milk 
stirrer is also satisfactory. Agitate each sample for 2 to 3 minutes, 
using an up-and-down movement and at the same time move 
container to improve thoroness of mixing. Remix if weighing out 
sampie for analysis is delayed over 3 hours or if temperature 
goes above 86° or below 73° . 
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P r e p a r i n g  b a l a n c e  f o r  w e i g h i n g .  T h e  b a l a n c e  m a y  b e  a d ­
j u s t e d  p r o p e r l y  w h i l e  t h e  s a m p l e s  a r e  b e i n g  b r o u g h t  t o  t h e  
p r o p e r  t e m p e r a t u r e .  P l a c e  t h e  b a l a n c e  p e r m a n e n t l y  o n  a "  f i r m  
a n d  l e v e l  t a b l e .  P r o t e c t  i t  f r o m  d r a f t s  ( F i g .  8 ) .  P u t  t h e  r i d e r s  
o f  b e a m s  o f  t o r s i o n  s c a l e s  a t  z e r o  m a r k .  M o v e  l a r g e  r i d e r  o n  
t a r e  b e a m  t o  r i g h t  a s  f a r  a s  p o s s i b l e .  P u t  s m a l l  r i d e r  o n  t a r e  b e a m  
o n  z e r o  m a r k .  N e x t ,  b a l a n c e  s c a l e s  b y  a d j u s t i n g  l e v e l i n g  s c r e w s .  
L e a v e  b a l a n c e  i n  s a m e  p o s i t i o n  u n t i l  a n a l y s i s  h a s  b e e n  
c o m p l e t e d .  T h e  m o d i f i e d  t o r s i o n  b a l a n c e  d e v e l o p e d  b y  W i l s t e r
3 4
*  
i s  c o n v e n i e n t  t o  u s e .  I t  h a s  4  b e a m s ,  2  f o r  f a t  a n d  2  f o r  m o i s t u r e .  
T h e  1 0 - g r a m  w e i g h t  i s  n o t  m o v e d  d u r i n g  t h e  a n a l y s i s  a n d  i s  t h e  
o n l y  l o o s e  w e i g h t  u s e d .  
D e t e r m i n i n g  m o i s t u r e .  U s e  a  c l e a n ,  d r y  w e i g h i n g  c u p .  C u p  
c a n  b e  d r i e d  b y  h e a t i n g  i t  o v e r  a  f l a m e  o r  o n  a n  e l e c t r i c  h e a t e r  
a n d  c o o l i n g  t o  r o o m  t e m p e r a t u r e .  P u t  c u p  o n  r i g h t - h a n d  p a n  o f  
s c a l e s  a n d  b a l a n c e  b y  f i r s t  a d j u s t i n g  l a r g e  t a r e  r i d e r  a n d  n e x t  t h e  
s m a l l  r i d e r .  W h e n  c u p  i s  b a l a n c e d ,  p l a c e  w e i g h t  o n  l e f t  p a n  a n d  
q u i c k l y  w e i g h  1 0  g r a m s  o f  b u t t e r .  S o m e  m o i s t u r e  w i l l  b e  l o s t  
i f  w e i g h i n g  i s  n o t  d o n e  r a p i d l y .  A i r  i n  t h e  r o o m  s h o u l d  b e  
r e a s o n a b l y  d r y .  
M o i s t u r e  i s  r e n l o v e d  b y  h e a t i n g  c u p  a n d  c o n t e n t s  t o  a b o u t  
3 0 0
0  
H e a t  b y  p l a c i n g  c u p  o n  a n  e l e c t r i c  p l a t e .  R o t a t e  c u p  d u r ­•  
i n g  h e a t i n g  t o  h a s t e n  r e m o v a l  o f  m o i s t u r e ,  r e d u c e  f o a m i n g ,  a n d  
p r e v e n t  s p u t t e r i n g .  C o n t i n u e  h e a t i n g  u n t i l  b u t t e r  c e a s e s  t o  f o a m  
a n d  i s  m e d i u m - b r o w n .  T h i s  r e q u i r e s  a b o u t  6  t o  7  m i n u t e s .  
C o o l  c u p  a n d  m o i s t u r e - f r e e  b u t t e r  t o  t e m p e r a t u r e  o f  t h e  
r o o m .  C o o l i n g  c a n  b e  d o n e  m o s t  e f f i c i e n t l y  b y  p l a c i n g  c u p  i n  a  
m e t a l  c o m p a r t m e n t  s u r r o u n d e d  b y  a  j a c k e t  o f  w a t e r .  D o  n o t  
c o o l  i n  a n  o p e n  p a n  o f  w a t e r  b e c a u s e  w a t e r  m i g h t  s p l a s h  i n t o  i t .  
M o v e  r i d e r s  o n  t w o  t o p  b e a m s  u n t i l  b o t h  s i d e s  b a l a n c e .  R e a d  
p e r c e n t a g e  o f  m o i s t u r e  t o  n e a r e s t  ' l i o o f  1  p e r c e n t .  
D e t e r m i n i n g  f a t .  D i s s o l v e  f a t  w i t h  p e t r o l e u m  e t h e r .  A d d  
a b o u t  1 0 0  m l .  o f  t h i s  s o l v e n t  t o  t h e  c u p  a n d  c o n t e n t s .  S t i r  w i t h  
r u b b e r - t i p p e d  g l a s s  r o d .  A s  s a l t  a n d  c u r d  s e t t l e  t o  b o t t o m ,  s c r a p e  
t h e m  t o  a  p o i n t  d i r e c t l y  b e l o w  t h e  '  p o u r i n g  l i p  s o  t h a t  y o u  c a n  
p o u r  o f f  t h e  e t h e r  w i t h o u t  s e r i o u s l y  d i s t u r b i n g  t h e  s a l t - a n d - c u r d  
m a s s .  L e t  c u p  a n d  c o n t e n t s  s t a n d  f o r  3  t o  4  m i n u t e s  a n d  t h e n  
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pour off ether, being careful not to pour off any curd and salt. 
Again add about 100 mI. of solvent to remove last traces of fat. 
Let this stand 3 minutes. Then pour off ether. 
Take care to retain materials in bottom of cup. Tap cup 
gently on table to distribute salt and curd over bottom. Remove 
ether that remains by placing cup on electric hot plate, never 
on an open flame unless it is covered with an asbestos screen. 
Heat cup and contents slowly at first; otherwise ether will evap­
orate so fast that small explosions will occur, and some curd and 
salt will be blown out of cup. At this point the residue of salt 
and curd should be powder-like and have a light-tan color. (If 
this residue sticks to bottom of cup, it indicates that some fat 
remains and a third extraction with ether is needed.) Cool cup to 
room temperature. This can be done quickly by putting cup in a 
water-cooled metal container as indicated on page 69. 
Leave riders on two upper beams where they were when the 
moisture readings were made. Read percent of fat in butter 
directly by moving two lower beams until scale is balanced. The 
lower beam has 10-percent graduations; the next above has 
I-percent graduations which are calibrated into smaller divisions, 
each representing YIo of 1 percent. 
(The ether can be salvaged from both ext ractions and used again. To save 
ether, use a di t illing apparatus such as that described by Wilster.3h When 
large numbers of analyses are bing made, t hi is very economical. For dis­
posal of fat-ether solutions, see page 77. ) 
Determining salt. To the residue in the aluminum cup add 
about 50 mI. of distilled water heated to 120°-130°. Rotate cup 
to release the particles of curd and salt. Pour into a 250 mI.­
volumetric flask. Add another 50 mI. of warm water to cup to 
rinse outlast remaining curd and salt, and add this to the flask. 
Pour enough distilled water into flask to bring liquid up to the 
mark. Place glass stopper in flask and mix well. Put 25 mI. of 
this solution in a white cup and add 2 to 3 drops of the sodium 
or postassium chromate indicator. Titrate slowly with silver 
nitrate, stirring constantly until a faint orange-red color is ob­
tained. If silver nitrate solution is of such strength that 1 mI. is 
equal to 1 percent of salt, then salt percentage can be read direct 
from buret. The 25 mI.-portion titrated represents the salt in 
1 gram of butter. 
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T h e  s a l t  t e s t  i s  b a s e d  o n  t h e  c h e m i c a l  r e a c t i o n  b e t w e e n  s i l v e r  
n i t r a t e  a n d  s o d i u m  c h l o r i d e  ( s a l t ) .  T h e  s i l v e r  n i t r a t e  r e a c t s  w i t h  
t h e  s o d i u m  c h l o r i d e  a n d  f o r m s  a  w h i t e  p r e c i p i t a t e  o f  s i l v e r "  c h l o ­
r i d e .  A  s o l u t i o n  o f  p o t a s s i u m  c h r o m a t e  i s  u s e d  a s  a n  i n d i c a t o r .  
A s  s o o n  a s  a l l  t h e  s a l t  h a s  c o m b i n e d  w i t h  t h e  s i l v e r  n i t r a t e ,  t h e  
p o t a s s i u m  c h r o m a t e  c o m b i n e s  w i t h  t h e  e x c e s s  s i l v e r  n i t r a t e  t o  
f o r m  s i l v e r  c h r o m a t e ,  w h i c h  i s  o r a n g e - r e d  a n d  e a s i l y  r e c o g n i z e d .  
D e t e r m i n i n g  c u r d .  A d d  t o g e t h e r  t h e  p e r c e n t a g e s  o f  f a t ,  
m o i s t u r e ,  a n d  s a l t ,  a n d  s u b t r a c t  t o t a l  f r o m  1 0 0 .  T h e  d i f f e r e n c e  i s  
t h e  p e r c e n t a g e  o f  c u r d  i n  t h e  b u t t e r .  
C o m m o n  s o u r c e s  o f  e r r o r  i n  a n a l y z i n g  b u t t e r
3 4
*  
1 .  	 I n a c c u r a t e  s a m p l i n g .  S a m p l e  w a s  n o t  r e p r e s e n t a t i v e  o f  c h u r n ­
i n g ;  l o o s e  m o i s t u r e  w a s  p r e s e n t ;  o r  s a m p l e  w a s  t a k e n  f r o m  
c h u r n  b e f o r e  b u t t e r  w a s  c o m p l e t e l y  w o r k e d .  
2 .  	 M o i s t u r e  e v a p o r a t e d  f r o m  s a m p l e  b e f o r e  s a m p l e  w a s  a n ­
a l y z e d .  C o n t a i n e r  m u s t  b e  a i r - t i g h t .  
3 .  	 I m p r o p e r  m i x i n g  o f  s a m p l e .  A  t h o r o  e m u l s i o n  o f  f a t  a n d  
m o i s t u r e  c a n n o t  b e  m a d e  i f  b u t t e r  i s  h a r d  a n d  l e a k y .  S a m p l e  
s h o u l d  b e  m i x e d  a t  8 8
0  
- 9 3 o .  
4 .  	 I n a c c u r a t e  s c a l e s .  A n  a c c u r a t e  a n a l y s i s  c a n n o t  b e  m a d e  i f  
b e a m s  s t i c k  o r  s t e e l  b a n d s  i n  s c a l e s  b e c o m e  r u s t y .  S c a l e s  
s h o u l d  b e  k e p t  i n  a  d r y ,  c l e a n  p l a c e .  
s .  I n a c c u r a t e  w e i g h t s .  W e i g h t s  s h o u l d  b e  c h e c k e d  e v e r y  m o n t h  
a g a i n s t  a c c u r a t e  w e i g h t s  k e p t  f o r  t h i s  p u r p o s e .  
6 .  	 S c a l e s  n o t  s e t  p r o p e r l y .  S c a l e s  s h o u l d  b e  l e v e l  o n  a  t a b l e  t h a t  
i s  f r e e  f r o m  v i b r a t i o n s .  
7 .  	 C u p  w e t  o r  t o o  w a r m .  C u p  s h o u l d  b e  d r y  a n d  c o o l e d  t o  r o o m  
t e m p e r a t u r e  b e f o r e  b u t t e r  i s  w e i g h e d  i n t o  i t .  
8 .  	 C u p  a n d  m o i s t u r e  - f r e e  s a m p l e  w e r e  t o o  w a r m .  C o o l  t h e m  t o  
r o o m  t e m p e r a t u r e .  
9 .  	 S c a l e s  s t a n d i n g  i n  a  d r a f t .  A  d r a f t  w i l l  a f f e c t  t h e  r e a d i n g  o n  
t h e s e  s e n s i t i v e  s c a l e s .  
1 0 .  	 A i r  t o o  m o i s t .  A n  a c c u r a t e  m o i s t u r e  d e t e r m i n a t i o n  c a n n o t  b e  
m a d e  i n  a  r o o m  w h e r e  t h e r e  i s  s t e a m .  W e i g h i n g s  s h o u l d  a l w a y s  
b e  d o n e  i n  a  d r y  r o o m .  
1 1  .  M o i s t u r e  n o t  e x p e l l e d .  H e a t  s a m p l e  u n t i l  f a t  i s  g o l d e n  b r o w n .  
I f  s a m p l e  i s  b u r n t ,  a n o t h e r  a n a l y s i s  s h o u l d  b e  m a d e .  
1 2 .  S a m p l e  i s  h e a t e d  t o o  r a p i d l y .  E x c e s s i v e l y  h i g h  m o i s t u r e  r e a d ­
i n g s  w i l l  o c c u r  i f  s a m p l e  i s  h e a t e d  t o o  r a p i d l y  w i t h o u t  a g i t a ­
t i o n ,  b e c a u s e  s o m e  f a t  w i l l  s p u t t e r  o u t .  
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TESTING LABORATORY AND 

CARE OF EQUIPMENT 

The laboratory for testing dairy products should be a sepa­
rate room located near the main office of the plant. It should be 
easily reached from the processing and manufacturing rooms. 
It should be dry and should have its own ventilating system, 
since too much moisture damages many types of sensitive equip­
ment. The temperature of the laboratory should be as constant 
as possible and near 70°. 
The laboratory should be orderly and well kept. Careful work 
is not likely to be done in one that is dirty and disorderly. 
Tables in testing laboratories should be durable. They should 
be· covered with material that is resistant to moisture, acids, 
alkalies, and salts. Both lead and glass resist moisture and chem­
icals. Lead makes a better covering than glass because it has a 
softer surface. There will be less breakage of glassware on a lead­
covered table. Another satisfactory cover is an asbestos-like 
board. It is durable, inexpensive, and quite resistant to sulfuric 
acid and other chemicals. 
Washing basins of the three-compartment type are best, as 
equipment can be washed in one compartment and rinsed in the 
other two. Basins should be supplied with hot and cold water. 
Walls in the laboratory should be painted a light color. Altho 
natural lighting should be used to the fullest extent, good arti­
ficiallight should be provided. 
Scales, weights, microscopes, and similar metal equipment 
should not be stored in the same compartment with acids such as 
nitric or hydrochloric or with alkalies such as ammonium hy­
droxide. The fumes from these chemicals will corrode the metal. 
They may even ruin expensive laboratory apparatus. One sepa­
rate storage compartment should be provided for acids, one for 
other dry chemicals, and one for metal apparatus of the various 
types. Such apparatus should be stored when not in use. 
All glassware and other equipment should be washed as 
soon as the work is finished. Pipets and test bottles are hard to 
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c l e a n  i f  n o t  w a s h e d  i m m e d i a t e l y  a f t e r  u s e .  A  r a c k  i s  u s e f u l  f o r  
d r a i n i n g ,  w a s h i n g ,  a n d  r i n s i n g  t e s t  b o t t l e s .  
T h e r e  a r e  s e v e r a l  w a y s  t o  w a s h  B a b c o c k  t e s t  b o t t l e · s .  T h e  
f o l l o w i n g  p r o c e d u r e s  w i l l  g i v e  g o o d  r e s u l t s :  
1 .  	 S h a k e  t h e  r a c k  w h e n  t h e  b o t t l e s  a r e  e m p t i e d .  T h i s  w i l l  h e l p  t o  
l o o s e n  t h e  m a t e r i a l  t h a t  i s  s t u c k  t o  t h e  i n n e r  s u r f a c e s  o f  t h e  
b o t t l e s .  
2 .  	 F i l l  b o t t l e s  w i t h  a l k a l i n e  s o l u t i o n  a t  1 1 5 ° - 1 2 0  ° .  W h i l e  c o n ­
s t a n t l y  s h a k i n g  t h e  b o t t l e s ,  e m p t y  t h e  c o n t e n t s  i n t o  t h e  w a s h  
b a s i n .  R e p e a t .  I f  b o t t l e s  a r e  n o t  c l e a n ,  r e p e a t  a g a i n .  ( D o  n o t  
l e a v e  b o t t l e s  i n  w a s h i n g  s o l u t i o n s  f o r  l o n g  p e r i o d s  a s  t h e  a l k a l i  
m a y  c a u s e  t h e  g l a s s  t o  b e c o m e  o p a q u e . )  
3 .  	 R i n s e  t w i c e  w i t h  h o t  w a t e r  a t  1 1 5 ° - 1 2 0 ° .  A t  t h i s  s t a g e  t h e  b o t ­
t l e s  w i l l  u s u a l l y  b e  c l e a n ,  w i t h  b r i g h t  s u r f a c e s  t h a t  d r a i n  
q u i c k l y .  I f  a  f i l m  p e r s i s t s  a f t e r  t h e  f i r s t  r i n s i n g  w i t h  h o t  w a t e r ,  
r i n s e  a g a i n  w i t h  c o l d  w a t e r .  
4 .  	L e a v e  t h e  b o t t l e s  u p s i d e  d o w n  t o  d r y .  A  d r y  b o t t l e  s h o u l d  b e  
c l e a n  a n d  b r i g h t .  ( A  p i e c e  o f  g l a s s w a r e  i s  c l e a n  w h e n  i t  d r a i n  
w i t h o u t  d r o p s  o f  w a t e r  c l i n g i n g  t o  t h e  i n n e r  a n d  o u t e r  s u r f a c e s . )  
I f  a  s m a l l  a m o u n t  o f  w e t t i n g  a g e n t  w a s  u s e d  i n  t h e  r i n s e  s o l u ­
t i o n ,  t h e  b o t t l e s  w i l l  d r a i n  f a s t e r .  
B r u s h i n g  t h e  i n s i d e  o f  t e s t  b o t t l e s  i s  s e l d o m  n e e d e d  i f  t h e  
b o t t l e s  a r e  i m m e d i a t e l y  d r a i n e d ,  w a s h e d ,  a n d  r i n s e d  c o r r e c t l y .  
W a s h i n g  c o m p o u n d s  t h a t  c o n t a i n  l a r g e  a m o u n t s  o f  w e t t i n g  
a g e n t s  a r e  n o t  s a t i s f a c t o r y  f o r  c l e a n i n g  t e s t  b o t t l e s  b e c a u s e  t h e y  
l e a v e  a  f o a m  w h i c h  i s  h a r d  t o  r e m o v e .  A  2 - p e r c e n t  s o l u t i o n  o f  
t r i s o d i u m  p h o s p h a t e  i s  a n  e x c e l l e n t  c l e a n i n g  a g e n t  f o r  B a b c o c k  
g l a s s w a r e .  T h e r e  a r e  o t h e r  s a t i s f a c t o r y  c l e a n i n g  c o m p o u n d s  a l s o .  
P i p e t s  s h o u l d  b e  c l e a n e d  b y  t h e  s a m e  g e n e r a l  p r o c e d u r e  a s  
t e s t  b o t t l e s ,  a n d  p l a c e d  i n  a  p i p e t  h o l d e r  t o  d r a i n .  
T h e  c e n t r i f u g e  s h o u l d  b e  k e p t  i n  g o o d  m e c h a n i c a l  c o n d i t i o n ,  
c l e a n ,  a n d  p r o p e r l y  o i l e d .  I t  s h o u l d  b e  c h e c k e d  f r e q u e n t l y  f o r  
c o r r e c t  s p e e d .  C e n t r i f u g e s  t e n d  t o  o p e r a t e  a t  l o w e r  s p e e d s  a s  t h e y  
a r e  c o n t i n u e d  i n  s e r v i c e .  W h e n  t h i s  s t a g e  i s  r e a c h e d ,  a  c o m p e t e n t  
m e c h a n i c  s h o u l d  r e p a i r  t h e  m a c h i n e .  
W h e n  t e s t  b o t t l e s  b r e a k  i n  c e n t r i f u g e ,  a s  t h e y  s o m e t i m e s  d o  
d u r i n g  t h e  w h i r l i n g  p r o c e s s ,  t h e  m a c h i n e  w i l l  u s u a l l y  s t a r t  v i ­
b r a t i n g .  S t o p  i t  a t  o n c e .  D o  n o t  o p e n  t h e  c o v e r  u n t i l  t h e  w h e e l  
h a s  s t o p p e d }  a s  t h e  g l a s s  a n d  a c i d  t h a t  h a s  b e e n  r e l e a s e d  w i l l  b e  
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thrown out and may injure you. Balance the wheel with a test 
bottle containing water, and complete the tests. 
As soon as the tests are read, remove the cups, wash thoroly 
in a suitable alkaline solution, and rinse. (If acid spilled in the 
centrifuge from broken bottles is not promptly removed, vital 
parts may be damaged and the life of the machine may be short­
ened.) Remove broken glass from centrifuge, wash inner sur­
face of the machine with same kind of alkaline solution as used 
for cups. Remove traces of the washing solution with a cloth or 
a sponge moistened with clean water. 
When centrifuge is thoroly dry, wipe inner surface, including 
cups, with a cloth containing light oil. This will retard corrosion 
and make the machine last longer. 
Centrifuges and other equipment made entirely or partly 
of a luminum require special care, as this metal is readily de­
composed by strong alkalies. For this reason, do not use strong 
alkaline washing compounds to clean these machines or any 
other equipment made of aluminum. In fact , strong alkalies 
cause more or less corrosion on all plated metal surfaces. 
Aluminum dishes used in total-solids determinations should 
be washed only with solutions recommended for this purpose. 
How to dispose of fat-ether solutions is always a problem. 
Most city ordinances prohibit putting such inflammable ma­
terials in to the sewer system. The safest way is to pour such a 
mixture into a separate container and empty it as soon as 
analyses are completed. The solution should always be dumped 
where it will not harm vegetation. 
Disposal of acid from Babcock test bottles is also a problem. 
In some plants the acid is drained into the sewer system and thus 
diluted with large quantities of cold water. This method (accord­
ing to the writer's observation) has been satisfactory in some 
plants over a period of years. But in one plant the acid decom­
posed the drain pipes and caused some damage to walls and 
furniture. Whether acid will harm the pipes probably depends 
on the construction, length, and slope of the pipes, the amount of 
water-in the laboratory with which to dilute the acid, and the 
distance of the pipes from the main sewer line. The drainage 
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b a s i n  i n  t h e  l a b o r a t o r y  a n d  t h e  p i p e  l e a d i n g  f r o m  i t  t o  t h e  s e w e r  
s h o u l d  b e  m a d e  o f  l e a d .  
( I t  i s  b e s t  n o t  t o  d r a i n  a c i d  i n t o  t h e  s e w e r  w i t h o u t  a p p r o v a l  o f  a n  
e n g i n e e r  a n d  a  r e g u l a t o r y  o f f i c i a l .  S a f e s t  w a y  i s  t o  d r a i n  b o t t l e s  i n t o  a  
r e c e p t a c l e  o f  g l a s s  o r  g l a z e d  c r o c k e r y  w i t h  a  d u r a b l e  h a n d l e .  A c i d  c a n  
t h e n  b e  c a r r i e d  o u t  o f  p l a n t  a n d  p o u r e d  w h e r e  i t  w i l l  d o  n o  d a m a g e .  D o  
n o t  p o u r  w h e r e  t h e r e  i s  s l i g h e s t  c h a n c e  t h a t  i t  w i l l  d e s t r o y  p l a n t s  o r  
a n i m a l s  o r  d a m a g e  p r o p e r t y . )  
T A B L E  O F  E Q U I V A L E N T S  
F a h r e n h e i t  a n d  C e n t i g r a d e  
F r e e z i n g  p o i n t  o f  w a t e r  =  0 °  C .  o r  3 2 °  F .  

B o i l i n g  p o i n t  o f  w a t e r  =  1 0 0 °  C .  o r  2 1 2 °  F .  

A n  i n t e r v a l  o f  9 °  F .  =  a n  i n t e r v a l  o f  5 °  C .  

T o  c o n v e r t  ° C .  t o  o f .  m u l t i p l y  ° C .  b y  9 / 5  a n d  a d d  3 2 .  

T o  c o n v e r t  o f .  t o  ° C .  s u b t r a c t  3 2  f r o m  o f .  a n d  m u l t i p l y  b y  5 /  9 .  

W e i g h t s  a n d  M e a s u r e s  
6 2 . 3 7  l b .  =  w e i g h t  o f  1  c u b i c  f o o t  o f  w a t e r  a t  6 0 °  F .  
6 2 . 4 2 5  l b .  =  w e i g h t  o f  1  c u b i c  f o o t  o f  w a t e r  a t  3 9 . 2 °  F .  
1 . 2  U . S .  g a l l o n s  =  1  i m p e r i a l  g a l l o n  
8 . 3 3 7  l b .  =  w e i g h t  o f  1  U . S .  g a l l o n  o f  w a t e r  a t  6 0 °  F .  
1 . 0 3 2  g m . a  =  w e i g h t  o f  1  m l .  o f  a v e r a g e  m i l k  a t  6 0 °  F .  
8 . 6 0  l b .  =  w e i g h t  o f  1  g a l l o n  o f  a v e r a g e  m i l k  a t  6 0 °  F .  
( 8 . 3 3 7  X  1 . 0 3 2  =  8 . 6 0 3 7  l h . )  
1 . 0 3 6  g m .  =  w e i g h t  o f  1  m l .  o f  s k i m m i l k  a t  6 0 °  F .  
8 . 6 4  l b .  =  w e i g h t  o f  1  g a l l o n  o f  s k i m m i l k  a t  6 0 °  F .  
( 8 . 3 3 7  X  1 . 0 3 6  =  8 . 6 3 7 1  l b . )  
1 . 0 1 1  g m .  =  w e i g h t  o f  1  m l .  o f  2 0  p e r c e n t  c r e a m  a t  6 0 °  F .  
8 . 4 3  l b .  =  w e i g h t  o f  1  g a l l o n  o f  2 0  p e r c e n t  c r e a m  a t  6 0 °  F .  
( 8 . 3 3 7  X  1 . 0 1 1  =  8 . 4 2 8 7  l b . )  
. 9 9 3  g m .  =  w e i g h t  o f  1  m l .  o f  4 0  p e r c e n t  c r e a m  a t  6 0 °  F .  
8 . 2 8  l b .  =  w e i g h t  o f  1  g a l l o n  o f  4 0  p e r c e n t  c r e a m  a t  6 0 °  F .  
( 8 . 3 3 7  X  . 9 9 3  =  8 . 2 7 8 6  l b . )  
1 0 0 0  m i l l i l i t e r s  ( m l . )  =  1  l i t e r  
1 . 0 0 0 0 0 2 7  c u b i c  c e n t i m e t e r s  ( C C . ) b  =  1  m l .  
1  U . S .  g a l l o n  =  3 , 7 8 5 . 3 3 2  m l .  o r  3 . 7 8 5 3 3 2  l i t e r s  
1  o u n c e  ( a v o i r . )  =  2 8 . 3 4 9 5  g r a m s  ( g m . )  
1  p o u n d  ( a v o i r . )  =  4 5 3 . 5 9 2 9  g m .  ( 4 5 3 . 6 )  
1  k i l o g r a m  =  1 0 0 0  g m .  =  2 . 2 0 4 6  l b .  
1 0 0 0  m l .  o f  p u r e  w a t e r  a t  3 9 . 2 °  F .  ( 4 °  C . )  =  1 0 0 0  g m .  
1  g r a m  =  1 0 0 0  m i l l i g r a m s  ( r r i g . )  
a  1 . 0 3 2  i s  t h u s  t h e  s p e c i f i c  g r a v i t y  o f  a v e r a g e  m i l k  a t  6 0  °  F .  
b  F o r  p r a c t i c a l  p u r p o s e s  t h e  u n i t s  m l .  a n d  c c .  m a y  b e  c o n s i d e r e d  e q u a l .  
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